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1. Executive Summary

Higtoricdly, the bulk power market structure was dominated by verticaly integrated utilities granted
monopoly franchise service territories. Performance, both economic and reliability, was judged in a
holigtic fashion by regulators who gpproved tariffs that customers were obligated to pay. Restructuring
seeks to introduce competition into eectric power marketsin order to improve economic efficiency.
The impact of these changes on rdiability is the subject of thisreport.

Restructuring is not changing the physical needs of the power syslem. The functions previoudy
performed by the verticdly integrated utility must be accommodated by the new market structure.
These functions range from assuring an adequate eectricity supply through multi-year planning of the
generation and transmission system, to meeting shorter term forecasted load by deploying existing
resources through unit commitment, to assuring system security through autometic generation control,
and operating the transmission system by controlling ancillary services such as reserves and blackstart

capability.

The controller of the physical system, of necessity, has control of the commercia transactions; no
generator or load can interact with dectricity markets unless the system operator facilitates that
interaction. Consequently, a basic feature of the restructured industry is that the system operator must
be isolated from commercial market pressures. At aminimum, a"code of conduct” is required that
prevents the system operator from providing preferentia trestment for generation or transactions that
are owned or sponsored by the system operators company. At a maximum, the system operator can
be an independent, non-profit, commercia organization, an Independent System Operator (1S0).

Six restructured market systems were reviewed for this report: Cdifornia; Pennsylvania, New Jersey,
Maryland (PIM); New England; United Kingdom; Alberta; and Audtrdia. Summaries of these new
market systems are as follows:

In Cdifornia, two new market entities have been created: a*“Power Exchange’ or wholesale market for
power, and a separate ancillary services market conducted by the ISO. Both markets have been
experiencing problems such as apparent market power and too few bids for some ancillary services.
The grid is experiencing congestion in some areas, and in some cases large generators take advantage of
congestion rules. The 1SO has indtituted severa “fixes’ to ded with these problems and has obtained
FERC orders in some instances, but there are till opportunities that continue to be available for players
to “game’ the system.

The PIM market has made a trangition from a zonal to anoda system where spot prices are caculated
for some 2,000 nodes. When the system is congested, these prices may diverge. This divergence
alowstradersto “buy through” congestion. Another market feature alows traders to collect “rent” on
tranamission lines as a hedge againgt congestion. During the heat storm this summer, rotating blackouts
were required after a single contingency due to lack of generation in an area where nodd prices were
not yet functioning. It is hoped that problems such as thiswill be addressed by the market process as
the market matures and market driven new generation is constructed in the areas where it is most
needed



In New England, new generators have much difficulty in gaining access to the grid apparently because of
firmly entrenched market power. 1t seemslikely that there will be a series of gppedsto FERC to
correct inequities. This process has dready sarted. Thiswill probably dday the maturing and efficient
functioning of the market.

In the United Kingdom, a tremendoudy complex market has evolved. It appears this market provides
ample opportunity for gaming because of its complexity and is being blamed for high eectricity prices.
Asasolution, a Power Exchange and other changes are being developed. The target date for the
changes to the existing system is dipping into the fall of 2,000.

The Alberta system has one zone for the entire pool area. A complex system of legidated hedges was
put into place when the system was first implemented to put a damper on market power and to achieve
economic goas. The planning process has dso ensured that potential stranded assets are dedlt with and
cogs arerecovered. Transmission upgrades are needed because the bulk of the generation isin the
North and the bulk of the load isin the South, however, upgrades to the North — South corridor will not
be usad if the market is effective in bringing new generation to the South.

Audrdiahas ardatively smple system where ancillary services are contracted by the National Agency
rather than made part of the market. Suppliers bid into apool with an essentidly red time market;
suppliers may revise their offers until a short period of time before the red time energy auction. Thereis
no day ahead market. The grid isdivided into four zones and there is a method for calculating locationa
prices. Thefederd government has stringent codes on how the market is to be operated that apply
uniformly across the nation. The market isworking well in reducing costs, and there does not appear to
be excessve market power or gaming. The ultimate plan isfor dl customers to have access to the
wholesale market if they wish.

It istempting to view the Midwest price spikes during the summers of 1998 and 1999 asreliability
events. They certainly bear studying to understand what happened to drive prices to $7000 and
$9000/MWH. Generation was nearly inadequate to serve unconstrained load, but it is not clear that
security was threatened. In the sense that reliability is composed of adequacy (generation and
transmission) and security, thiswas ardiability event. If the system operators were diligent in
maintaining contingency reserves, if they resisted economic and politica pressure to use contingency
reserves to serve load and thereby |eft the system unable to dedl with the next contingency, then security
was not threatened. Some customers may have been curtailed involuntarily but the system security was
not necessaxily threatened. Thisis quite different from conditionsin MAPP in June of 1997 when the
system came close to collgpse or WSCC in July and August of 1996 when the system actudly did

collapse.

The price spikes indicate alack of adequate generation; the system collgpses indicate an insecure
system. Restructuring tries to address adequacy through markets. Clearly these are not fully functiona
markets when prices rise to 500 times their normal vaues and there is no demand eadticity. But thisis
an indication of market failure, not atechnica failure of the power sysem. The smple expedient of
alowing loads to participate in red-time energy markets would likely mitigate the price spikes.



Restructuring bulk power markets dramaticdly intensfies the need for federaly sponsored research into
electric sysem reiahility. Private entities have grester incentive to perform research and develop
products but only if the effort will result in profit exclusively for the investor. A competitive market
participant cannot afford to invest in research that will benefit its competitors aswell asitsdf. It is better
off waiting for othersto incur the expense. Technologies that increase the capacity of the community
tranamission system will only be developed through federdly supported research. Similarly,
technologies that assist the system operator in observing and controlling the power system will dlow the
system to provide gregter throughput while maintaining reliability. These will only be developed through
federaly supported research. Federa support is needed to overcome the technicd and indtitutiona
barriers that are preventing load from being used as a resource to support bulk power system reliability.
Thislagt areawould likely provide the greatest, most immediate, return on investment.

Federaly supported research is required to further the design of bulk power markets themselves.
Metrics are needed to assess the overall performance of markets and alow different market structures
to be compared. Computer based smulation and modeling is needed to andyze the expected behavior
of markets, both for macroscopic behavior and to andyze the impact of specific rule changes. Markets
are inherently a human activity and interrdlated energy and ancillary service markets are particularly
complex one. Modeling and computer smulation can only go so far. Experimenta economics studies
are required to extend the andlysis of market designs that assure rdiability.

Load control (and distributed generation) is an underutilized resource for addressing bulk power system
reliability. At present, load is not responsive to the hourly price becauseiit is denied access to red time
markets. New communications, control and metering technology may make it possible for loadsto sl
ancillary services aswdl as participate in rea-time energy markets. This could reduce the need for new
generation and transmission, free generation to provide energy, greatly mitigate price soikes, and relieve
transmission congestion. Technical and ingtitutional obstacles must be overcome. Services must be
defined in terms of actual requirements, not in terms of the centra generation resources that have
traditionally supplied them.

Near term, research is required to define ancillary service requirements and metrics. Work inthisarea
isgoing extremely dowly, primarily because it is being performed on avoluntary bass by entities that
perceive commercid benefit from participating. The basic problem is of comptitive individuas being
unable to invest in a community solution. Research is dso needed in market technol ogies to enhance
transmisson cgpacity, planning tools, and in market structures to ensure long term redigbility.
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1.0 Introduction

This paper isintended to provide an understanding of the needs of a restructured eectricity market and
some of the market methods and systems that have devel oped to address those needs.

Chapter 2 discusses the historic market framework of vertically integrated utilities.

Chapter 3 introduces the changesto the verticdlly integrated utility brought about by restructuring. It
discusses generation and transmission planning, control and the regulatory process. Chapter 3 dso
summarizes rdligbility, security and adequacy. Chapter 4 discusses restructuring; reliability, adequacy
and security are covered from both the NERC definition and from the standpoint of the market. The
basic sructures of a generation and transmisson market are outlined, dong with transmisson-
congestion contracts (TCCs) and transmission pricing principles. A thorough discussion is given of the
12 ancillary services needed to reliably operate the power system. An examination of four restructured
market systemsis performed in some detall. The systems are Cdifornia, PIM (Pennsylvania, New
Jarsey, Maryland), New England United Kingdom (UK), and Alberta, Augtrdia. Findly, thereisa
discusson of the price spikes that occurred in the Midwest this summer from the viewpoint of market
performance.

Chapter 4 aso dedls with the role of transmission in opening up markets to competition. In Cdifornia
increments (incs) and decrements (decs) are bid to overcome price differences in different zones caused
by congestion. In PIM, any member can purchase Fixed Transmisson Rights (FTRs) which alows the
member to “ collect rent” on congested lines and essentidly obtain a hedge againgt congestion. There
has been aworrisome dowdown in the growth of the tranamission system in the United States since
about themid 70's. However, there are methods for providing incentives for construction of new
tranamisson usng tariffs. The Cdiforniaand PIM transmission plan processes are outlined. The
Federd Energy Regulatory Commission (FERC) has recently issued a proposed rulemaking on
Regiond Transmission Organizations (RTOs) which stated that the traditiona methods of grid
management are showing signs of strain and may be inadequate to support efficient and reliable
transmission operation.

Chapter 5 provides examples of market implementations and a discussion of the price soikes seen inthe
Midwest in the summers of 1998 and 1999.

Chapter 6 dedls with the concept of load asaresource. Thisisanove ideathat holds tremendous
promise as technologica advances permit redl time control of loads based on the user’s economic
criteria. The user may be willing to curtail operations for some period of time when the spot price
reaches acertain leve, or the user may be willing to sdll ancillary servicesto the system.

Chapter 7 outlines the research needs presented by a restructured industry and the vita federd rolein
meseting their needs. Without federa participation of research to advance, the public good will not be
performed by an industry now focused on profit.

Chapter 8 provides a summary and concluding remarks.



2.0 System Planning, Constrained Economic Dispatch, and Inter Utility
Transactions— The Historic Framewor k

It is useful to briefly examine the higtoric framework of the verticaly integrated utility to understand the
functions that till must be performed after restructuring. The basic physica system is not changing.
Restructuring is hgppening smultaneoudy with, but largely independent of, technologica changes.
Technologicd changes are making some aspects of restructuring possible but they do not compd it.

Electricity isaunique commodity in that sorage is currently not practical, and supply and demand must
be balanced inred time. The verticaly integrated utility performed (and till performsin many locations)
this baancing function in anumber of time frames. A greatly smplified list indludes:

Generation and Transmission Planning — Generation and transmission planning were coordinated
and occurred 5 to 20 yearsin advance to assure that appropriate and sufficient resources were
available to meet growing load.

Fuel Supply Procurement — Fudl supplies were centraly procured over one to severa years.

Maintenance scheduling — Maintenance schedules for transmission and generation were coordinated
over a least ayear.

Unit Commitment — Generating units were committed to operate one day to one week ahead of
actua need based upon short-term |oad forecasts.

Generator Control — Generators were controlled in red time to meet the energy requirements of the
load indluding.

Economic dispatch — For the supply of basic energy.
Regulation and load following — To compensate for normal fluctuations.
Contingency response — To correct for abnormd events.

All of thiswas centrally coordinated to meet the overdl requirements at the lowest total cost consistent
with required reliability. Each utility was granted a franchise service territory, performance was judged
by the gtate regulator. Eminent domain authority derived from the regulated franchise. The regulator
moativated the utility by controlling the tariff and usudly tied this to the rate of return on investment.
Utilitiesinterconnected their transmisson systems in order to enhance reiability by sharing reiability
reserves. They dso used tranamission interconnections for economic interchange when power codtsin
adjacent utilities differed.

One advantage of this regulatory structure was that explicit metrics were not srictly required. There

was dways sufficient judgement involved in the regulatory process that the utility knew it had to manage
overal performance to the regulator’ s satisfaction. The regulatory process adso protected the utility

10



from investment risk. Once atransmission or generation facility plan was accepted by the regulator it
was placed in the rate base and the customers were obligated to pay for it. The control the regulator
had over rates and enhancement plans gave the regulator the primary role in determining the reliability
gods of the system.

In response to the Northeast blackout, utilities collaborated to form the North American Electric
Rdiahility Council and regiond religbility councils. These organizations developed guiddinesto hdp
further (NERC) religbility objectives. The fundamenta respongibility for reliability till remained with the
individud verticdly integrated utility and the regulator, however.

Generation should trangtion fairly easily into a market-based system, with severd optionson how it is
sructured. Taken to thelogica conclusion, there is afundamentd shift as the regulated utility’s
"obligation to serve" becomes an "obligation to connect” under market conditions. Adequacy, assuring
that there is sufficient generation available to serve the load, becomes amarket function asif it isin other
industries. Customers assume the burden of obtaining the level of adequacy they require. They can
ether enter into long term contracts with suppliers or rely on shorter-term commodity markets for
energy. Generators themselves can assume the respongbility (and associated financia risk) of
performing the unit commitment function and deciding when to turn on and off.

In the other extreme, open markets for generation can be accommodated without forcing (or dlowing)
customers to assume the responsibility of assuring the adequacy of their own generation supply by
having the ISO (or other independent organization) forecast requirements and operate a market to
procure those resources. The 1SO can enter into long term contracts providing capacity reserve
margins. Customers can be forced to purchase their required power from the 1SO's pool to ensure that
the 1SO is compensated for these long-term reserve contracts. Mixtures of the two structures
described can also be created. Power pools can exist dong side bilatera transactions.

3.0 TheObjective of Restructuring

The fundamental god of restructuring is to replace the highly regulated, vertically integrated, centrally
optimized and controlled system with one that is primarily market based. The motivation isto lower
prices and provide choice. Active markets for bulk eectric power developed on their own accord
among verticdly integrated utilities. The first mgjor shift opening these markets to others came when the
Public Utility Regulatory Policy act of 1978 dlowed Non-Utility Generators (NUGS) to participate in
the supply of dectricity, though the process was highly regulated. The FERC Orders 888 and 889 took
the magjor stlep of mandating open access for the transmission system thereby opening wholesde
electricity markets to competition.

3.1 Rdiability isComposed of Adequacy and Security

Changing from a structure where a regulator gpproves capital expenditures and judges system rdiability
to a structure dominated by markets changes how rdiability is addressed. NERC definesreliability as
“the degree to which the performance of the dements of [the dectricad] system resultsin power being
delivered to consumers within accepted standards and in the amount desired.” NERC' s definition of
reliability encompasses two concepts, adequacy and security. Adequacy is defined as “the ability of the
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system to supply the aggregate dectric power and energy requirements of the consumers at al times.”
Security is“the ability of the system to withstand sudden disturbances.”

In plain language, adequacy deds with planning and investment, and security dedl's with short-term
operations. Adequacy implies that there are sufficient generation and transmission resources available to
meet projected needs plus reserves for contingencies. Security implies that the system will remain intact
even after outages or other equipment failures occur. Although adequacy is ardiability concept, it has
strong commercia implications; the sameistrue of security. Indeed, athough we might like to pretend
otherwise, bulk-power rdiability and commerce are strongly interdependent.

Obvioudy, adequacy and security are complements. Without system security, the output of the
generation resources, no matter how abundant, cannot be ddivered to customers. Correspondingly, a
high degree of security isof little value if there are insufficient generation and transmission resources to
meet customer needs.

The subdtitution nature of adequacy and security is not so obvious. What we mean hereisthat more of
one can make up for less of the other. For example, an abundance of generation and transmission
resources makes it easier to maintain a high degree of security (i.e., reduces the need for emergency
actions). That is, system operators can manage the system in red time with less data and fewer
andyticd toolsif there are ample generation resources and redundant transmission fecilities. Similarly,
high-qudity system operation can extract more output from a system that might otherwise be considered
under built. For example, the near-red-time collection and analysis of data on the current and projected
dates of the tranamisson system can alow system operators to run the system closer to its limits than
would less data collection and andysis.

In most industries adequacy isamarket function. Each customer isfree to contract in whatever fashion
it fedsis necessary to assure that the supply of the commodity it is purchasing is adequate. While there
are some technicd difficulties bringing this concept to the dectric power industry (it can be difficult to
associate individua suppliers with individua loads in redl-time) it is dso a conceptud problem for some.
The idea of disconnecting customers because they failed to secure an adequate supply of dectricity and
the market finds itself short is so onerous to some that they force participation in future capacity
markets." Unfortunately this disrupts the operations of redl-time markets for energy and ancillary
sarvices. Forcing capacity on markets never lets them value capacity appropriately, capacity never
becomes scarce. This has the apparent benefit of reducing price volatility in the energy and ancillary
service markets. Unfortunately it also distorts the market solution and favors low capita cost, high
operating cost generation.

Security likely will remain aregulated function for the foreseeable future because of the short time frame
involved and the inability to isolate consequences to the individuas that caused them. Markets can be
used to procure the security related ancillary services. However, markets can aso be used to alocate
the costs of those services based upon consumption.

! The New England market currently operates thisway.



While the collection of ancillary services is designed to be comprehensive and mutudly exclusive,
markets for each and the market for basic energy heavily interact. Resources capable of providing one
service can generdly provide the other services. Design of the overall market and the specific market
rules becomes criticd to maintaining economic efficiency and rdiability. One advantage of the verticaly
integrated utility structure was that the regulator could hold the utility to an ill-defined requirement to
maintain "reasonable’ costs and "adequate” reiability by controlling the rate-of-return. With arule-
based market, on the other hand, individua participants will provide exactly the services specified in
whatever proportion maximizes the individua’ s ability to profit.

Transmisson plays akey role in opening markets to competition. Transmission Ssystem expansion,
however, has not kept up with growth in the market, and some of the developing organizationa changes
redly seem to do no more than better manage existing assets. A stronger transmission system would
not only bring in competitive bidders from far away, but would aso diminate market corners where
exiging large generators can exercise market power. At present in the United States, the transmission
entities are not permitted to share in the benefits that would accrue to consumers from greater
competition that slems from transmission expangon.  Instead, transmission entities are concentrating on
managing the congestion. 1S0’s have no commercia incentive to expand their systems? When the
United Kingdom restructured, it chose a profit, regulated, Independent Transmisson Company (ITC) —
the Nationa Grid Company (NGC). There have been very few problems with transmisson congestion;
the system is atight, well-connected system <0 that there were few problems origindly. Throughout the
trids and difficulties that the restructured system has been going through in the UK, asdiscussed in
Section 4, the NGC has performed fairly well and is economically quite sound. A strong transmission
system is one, which rarely becomes congested.

When atransmission system becomes congested, power prices tend to vary across the system because
it is now impossible to supply low cost generation to every part of the syssem. Modern, computer
based cal culation methods now alow a system to be evaluated using a system of nodes, and a power
price can be caculated for each node when congestion occurs. A system cdculation may have literdly
thousands of nodes. Thisisthe way prices are calculated across the PIM system now, a very tightly
connected system across ardlatively small geographic area. In ade-centralized system, such asthe
Cdifornial SO, it may be more appropriate to divide the system into a few zones, and calculate prices
for each zone.

In a de-centraized system with only afew zones, such as Cdifornia, the market relies on incs and decs
to dleviate congestion. Asasmplification, suppose there is congestion on lines from an exporting zone
to an importing zone. Clearing the energy market price would result in asingle price, the * uncongested
price,” and aflow exceeding transmission capacity. Theremedy in Scandinavia s NordPool isto raise
the price in the importing zone and reduce the price in the exporting zone until the net flow matches
capacity; the difference between these two zond pricesis the usage fee charged for flows from the
exporting zone to the importing zone, and equd credit is given for counter flows. Thisilludrates the
generd principlesthat transmisson demands are derived from energy demands and supplies, and like
reserves, congestion may be managed by amending the forward market for energy. Cdifornia s market

2 “Transmission, Congestion, Pricing and Incentives,” L. S. Hyman, |EEE Power Engineering Review, August 1999.
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isgmilar, but it alows bidders to submit incs and decs to the transmisson market thet differ from their
bids in the previous energy market. Sometimes the | SO recelves insufficient offersto dleviate
congestion and the market failsto clear, in which case adefault usage feeisimposed. The default feeis
partly punitive, but dso it isintended to cover the 1SO’s expected costs of fixing the problem in regl
time using incs and decs in the spot market or using reserves. *

Zond pricing in a decentraized system like Cdifornia provides the potentid for gaming. For example, a
supplier who anticipates intrazona congestion can sdll alarge quantity of power in the day ahead market
a the clearing price knowing that the |SO will have to invoke the dec the next day. The price for the
dec is lower than the clearing price, so the supplier collects a profit on the extra quantity he knew he
would not have to produce. We understand that this sort of gaming has indeed been taking place in
Cdifornia

Both the zond and nodd systems offer firm rights to transmission access like those sold by gas pipeline
companies. PIM cdlsthese FTRs. Purchasing an FTR islike purchasing areservation on a
transmisson line with a specified injection point and withdrawa point. An FTR alows energy tradersto
purchase protection from transmission congestion charges on a specific transmisson path. The FTR
owner receives congestion credits when the system becomes congested; in a sense, heisrecaiving rent
on congestion charges. Any PIM member can purchase an FTR. In California, each right pertainsto
the interface between zones.

3.2  Incentivesfor Transmission Expansion

From the mid-1970 s until now the United Stat€' s transmission system has grown at less than hdlf the
pace of demand. The dowdown has coincided with a precipitous fal in generation reserve margins.
Not only have high voltage transmission lines become nearly impossible to build in some geographic
aress, but the utility will expose itsdlf to large regulatory risks and will only earn aminima regulated
return on the investment. In addition, utilities do not know the rules that will be in place over thelife of
the transmission assat, or who will own or control the investment once it is made. Under these
circumstances, utilities will avoid any investments other than those absolutely necessary to maintain
system rdiability. (1)

Utilities are relying more and more on capacity purchases from neighboring sources, but ddivering those
sources to deficient areas will become more difficult as the system becomesincreasingly constrained.

An important factor to congder hereis that sgnificant changes in return on transmisson investments can
be provided with only minima increasesin the eectric hill. For example, assume the transmission
operator doublesits annua expendituresin order to keep up with demand. To attract the needed
capital, regulators set a 5-year depreciation schedule and a 20% after-tax return on new capita, but
adhere to rate-of-return regulaion. The incrementa return on capitdl invested in new facilities would
require a price increase of about 15% that trandates into about 1% for the average dectric bill. (1)

3“Market Architecture,” Robert Wilson, Stanford University.
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Another dternative isthe formation of an ITC. An ITC isindependent from generation ownership and
control, but is a profit making entity that owns assets. It can aso plan, finance and execute its
expansion, but it must follow rdiability rules and suffers commerciad pendties for inadequete rdiability or
sarvice. Findly, it should benefit (create vaue for its shareholders) from efficient operation and growth
of itsmarket. In Ref. 1, Hyman suggests a three part transmission tariff that includes an access charge
(which compensates the ITC for investment in fixed assets), a volume charge (which encourages the
ITC to find ways to accommodate more traffic), plus a congestion charge to deter placement of
generation a inconvenient locations (the funds which the ITC would have to pay back to consumers).
The tariff should force the ITC to choose wisdy between a decison to invest versus the decison carry
more over the existing system.

After transmission expansion plans have been completed, there is fill along lead-time before the lines
areplaced in sarvice. In the padt, after the relative merits of transmission grid modification plans had
been evauated by the utility and regiond reiability councils, the utility would begin a process of
regulatory approva, certification, financing and construction that could take aslong as 5 to 10 years.

3.3 Responghbilitiesof an SO Versusan RTO

An 1SO’sresponghilities are primarily directed toward system operation. The issues of when, where
and why invest in additiond transmisson fadilities are generdly not within the purview of the system
operator, athough most proposals do acknowledge an important advisory and coordination function
that the system operator can play in investment planning. The answers to the following important
questions ddlineating the full extent of the SO’ s responsibilities and authority are still being established: *

Should the ISO be authorized to do planning, or smply facilitate and coordinate plans of
tranamisson ownersin the sysem?

Should the 1SO be dlowed to override the capita budgets of the transmission owners?

Should the 1SO be alowed to congtruct and own facilities for itself?

Should the 1SO be dlowed to arrange dternative financing for new fecilities?

Should the ISO be alowed to arrange for dternative transmission owners?
34  FERC Rulemaking
On May 13, 1999, FERC issued a Notice of Proposed Rulemaking (NOPR) on RTOsto require that
each public utility that owns, operates, or controls facilities for the transmisson of eectric energy in

interstate commerce make certain filings with respect to forming and participating in an RTO. FERC
went on to state that the traditional means of grid management are showing sSgns of strain and may be

*“Designing Competitive Electricity Markets”, Paper 9, “Investing in Transmission Facilities— Why, by Whom and
for Whom”, Martin L. Baughman, 1998, Kluwer Academic Publishers

15



inadequate to support the efficient and reliable operation that is needed for the continued devel opment
of eectricity markets. In addition, there are indications that continued discrimination in the provision of
transmisson sarvices by verticdly integrated utilities may adso be impeding fully competitive eectricity
markets. The NOPR goes on to state:

Our objectiveisfor dl tranamisson owning entitiesin the Nation, induding non-public utility entities, to
place their transmission facilities under the control of gppropriate regiond transmisson inditutionsin a
timdy manner.

The Commission is proposing to establish fundamental characteristics and functions for appropriate
regiond transmisson inditutions.

The characterigtics and functions could be satisfied by different organizationa forms, such as1SO's,
transcos, combinations of the two, or even new organizationa forms not yet discussed in the indudtry.

FERC stops short of compelling formation of RTO's. FERC only requires that transmission owners
date what their plans are.

4.0 Alternative Market Structures

Competitive markets must deal with generation, transmission and secure operations. To thisend all
restructuring models separate the system operator from the commercia functions. Either through
corporate divestiture or codes-of-conduct the system operator can not be alowed to use its position or
information for profit by manipulaing the energy market.

At aminimum averticaly integrated utility must segregate its off-system marketing function from its
system control. Alternatively, an 1SO can be formed as a separate corporate entity to operate the
system rdiably and to accommodate commercid transactions. A third choice can have an RTO operate
the transmission system (either for profit or as a non-profit entity). A fourth choice can have the
independent system operator take on the minimal role of monitoring the system for reliability concerns,
alowing other operators to accommodate commercia transactions, and acting only when system
security is threatened.”

Transactions can be accommodated through a power exchange (PX), through bilatera transactions or
through both. If aPX exigsit can be voluntary or mandatory. With a mandatory PX generators are
only alowed to sdll to the PX and customers are required to purchase dl of their power from the PX.
A PX may be operated by the ISO or by athird party. It ispossible to have multiple PXs operating in
the same geographic region.

4.1 Generation

® The Texas 1SO and the NERC regional security coordinators work essentially thisway.
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Generation can be readily moved into a competitive market environment. Usua concerns over market
power exist, Sometimes made worse by transmission congestion limiting the geographic scope of the
local market. The entire commercia investment and operating risk can be placed on the generator
owner. At least two mechanisms can be used to maintain generation adequeacy:

Rdy on markets, the interactions of consumers and suppliers acting through the mechaniam of volatile
Spot prices, to decide what types of generation to build and how much eectricity to consume when.
Cdlifornia adopted this gpproach.

Rey on the traditiona system of having a central agency (e.g., the ISO or state regulator) specify an
gppropriate minimum reserve margin based on estimates of the value of lost load (VOLL) to protect
customers from their own inaction, and other factors (e.g., forced and planned outage rates for different
types of generating units). Thisreserve margin is then imposed on dl load-serving entities (LSES). The
three Northeastern 1SOs (PIM, New Y ork, and New England), al of which developed from traditiona
tight power poals, use this approach.

The United Kingdom uses athird system. There, the NGC caculates, on a day-ahead basis, the
expected loss-of-load probability (LOLP) for each 30-minute period. This LOLP isthen multiplied by
the assumed VOLL of about $4/kWh to develop a capacity charge, which is added to the system
margina price (SMP). This approach has received little attention in the United States, perhaps because
the capacity charge istoo easy to manipulate for companies that own large amounts of generation. They
can do so primarily by declaring units unavailable in the day-ahead market and then redeclaring them
availablein red time to collect the high capacity charge caused by the unavailability declarations. In
addition, the day-to-day and seasond volatility in this capacity charge may make it a poor mechanism to
encourage investors to build new generating capacity.

4.2 Transmisson

Transmisson presents a greater chalengein restructuring. Competitive markets for generation and retail
services can be accommodated with monopoly management of transmission operations and investment.
The monopoly could take on the obligation to provide unlimited transmission service for everyone. The
monopoly would make investments and/or pay for redispatch to manage congestion. The NGC in
England and Waes works essentidly thisway. All the usud problems with regulating and providing
appropriate incentives to a powerful monopoly sill exig.

There is an dternative to complete monopoly management of transmisson expansion. In spite of the
difficulties and complexities, several schemes have been proposed for pricing transmission based on
locationa electricity prices”. Theinahility to control individua line flows makes completely independent

® W. W. Hogan 1998, Transmission Investment and Competitive Electricity Markets, John F. Kennedy School of
Government, Harvard University, Cambridge MA, April.

S. S. Oren 1997, “Passive Transmission Rights Will Not Do the Job,” The Electricity Journal, 10(5), 221 33, June.

R. D. Taborsand L. P. Galindo 1999, Transmission Pricing in PIM: Allowing the Economics of the Market to Work,
Tabors Carmanis & Associates, Cambridge, MA, February 24, 1999.
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transmission projects and marketsimpossble. The ability to create congestion and drive locationd
prices gpart through inappropriate operation of the transmission system crestes a need to separate
physical control of the transmission system from the rights to profit from congestion. Thus, the network
needs a system operator, independent of market outcomes, to manage red-time operations. Flows will
distribute themsalves among the transmission lines based on the locations and magnitudes of generation
and load as well as the impedances of the individua transmisson dements. Therefore, it would not be
feasble for atransmission owner to place a*“toll booth” on a particular line and levy a charge for every
transaction that used that line. But something thet is economicaly smilar can be developed.

Hogan describes TCCs that are equivalent to perfectly tradable physical transmission rights.” “With such
contracts to dlocate transmission benefits, it would be possible to rely more on market forces, partly if
not completely, to drive transmisson expansion.” In Hogan's scheme, tranamission serviceis priced
partidly on the nodd price differences. Noda price differences result when transmisson is congested
and there isinaufficient tranamission capacity to move lower-cost power to higher-cost locetions.

Congestion is not exclusvely rdlated to the actud flows on lines. Congestion occurs when security-
congtrained digpatch requires modification of the economic dispatch. This Stuation occurs most
frequently as the result of contingency analysis rather than because of steady-dtate lineflows. The
generation dispatch is modified because aline will overload if a specific contingency occurs (e.g., a
generator or transmission linetrips). Because there is no time to take corrective action after the event
has occurred to prevent cascading failures, it is necessary to preemptively modify the generation
dispatch. It isthis off-economic digpatch that resultsin locationa price differences. (Losses aso cause
locationd price differences but have amuch smaller impact and are easier to dedl with than congestion.)

Why is congestion so much more important a problem now than it was afew years ago? The traditiond
verticaly integrated utilities accounted for transmisson congraints when they made their daily operating
(unit-commitment) plans. Thus, they used their generating resourcesin way that would not overload the
network. Intoday’sincreasingly competitive environment, suppliers schedule resources without a
detailed knowledge of transmisson congraints.

4.3 TCCsand Transmisson | nvestment

TCCs can help dlocate scarce tranamission among competitive usersin the short term but they only
partialy help with transmisson investment in the long term.  Congestion contracts covering the additiona
capacity created by transmission enhancements are awarded to the investor. The system operator uses
the same system models that dlocated the origind TCCs to determine what additiond TCC capacity is
cregted by the transmission enhancement. All existing TCC rights are preserved, and the investor gets
the new TCC rights.

" Oren proposes active rights and link-based contracts instead of TCCs. Tabors argues that most of the effects of
congestion can be accounted for on a zonal, rather than nodal, basis, which facilitates ex ante pricing and ex post
settlement. In either case, the detailed distinctions may be important to implementation but do not affect the
conclusions of thisdiscussion. The Hogan, Oren, and Tabors schemes all encompass the same basic requirements.

18



An interesting problem arises however. Note that the investor gets the new MW capacity but
congestion prices are likely reduced, possibly to zero. So, dthough everyone' srightsare preserved,
the val ue of those rights can be wiped out. Hence, congestion contracts will most likely be tied to the
generators or loads that profit from reduced congestion rather than to investors speculating in congestion
or building transmission for profit. Although generators or loads lose the vaue of their congestion
contracts, they gain as much or more from reduced power prices a the recelving bus or increased
prices at the sending bus.

Thisimpact of dgnificant transmisson enhancement on locationd prices creates a free-rider problem
that may make it difficult to get investorsto invest. Each party is better off if someone ese makesthe
investment. The problem is compounded by the scope and scale problem. It would be desirable to
invest only enough to cover the exact amount of transmisson capacity required by the individua needs.
Then anyone ese new will cause congestion and there will be a price differentia thet the investor' s TCC
will collect rent from. But that ishard to do. It is generdly much cheaper to oversize aline when
condructing it than it is to come back later and upgrade it. Similarly, in an interconnected system,
economies of scope often mean that an enhancement removes congtraints on a number of transmisson
paths. Customers using one path may choose to wait until the customers using another path make the
investment. The longevity of transmission equipment (roughly 50 years or more) adds a further
complication.

One may build a transmission line between two locations that enhances system reiability and improves
the overd| socia wefare, yet, because of counterflow, the noda price difference across thet line may be
negative so the TCC associated with the new line has a negative value®. The “thin line effect” occurs
when anew line connecting two symmetric monopolistic markets creates a duopoly in each market thus
reducing prices and increasing socid welfare. Due to the symmetry, however, each generator continues
to supply the local market so thereis no flow on theline. The question iswho should pay for the line
and how to compensate the investment.

Evenif dl of the current beneficiaries could agree on the need for a transmission enhancement, they are
unlikely to follow through. A user of the transmission facility would have to be able to commit for
decades of benefits to pay for the investment. Since the enhancement immediately becomes a sunk
cog, providing the benefits a nearly zero incrementa cog, there is no ability for the current user to sl
its share in the investment if it no longer needs it unless the system becomes congested again.

In caseswhereit is not practical for specific usersto invest to relieve congestion, it may be appropriate
to rely on congestion pricing to identify economicaly sound invesment. Once identified and approved
by regulaors, the transmission enhancement could be built, either by the existing transmission owner or
by athird party. The enhancement could then be added to the rate base for al users of the system or
for usars of a portion of the system.

8 Oren et. al. Electricity Journal Paper 1995.
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Eminent domain could become a problem, making transmission right-of-way harder to obtain for
commercia reasons than for reliability reasons. A regulatory approval process could address this
problem as well.

4.4  Transmisson-Pricing Principles

While congestion contracts may seem complex, severa fundamenta principles concerning pricing
transmission in aredtructured industry are generdly accepted:

No one can be dlowed to withhold transmission rights, unused capecity is available for othersto
use.

The system operator must be involved in the analysis of rights and the calculation of payments for
transmission congestion and losses.

The system operator must not be alowed to profit from congestion.
Transmission prices should reflect differencesin locationd power prices.

Transmission prices can send appropriate signas for the locations of new transmisson and
generation facilitiesas wdl asloads.

Transmission prices can illuminate the need for transmisson enhancement but they are unlikely to
provide sufficient incentive to motivate investment without additional compensation.

The remaining transmisson cogts will have to be dlocated among users.

These principles, unfortunately, do not lead to a completely market-based expanson policy, asis
possible with gas and most other industries. This Situation leaves most enhancement decisonsin the
discouraging position of having many interested parties and no uniquely correct solution. To make
meatters worse, the optimization is often quite flat from an overdl system perspective but can have
dramatic impactson individuas. That is, there are often multiple solutions that are, from the system'’s
point of view, equaly good (i.e,, low in cost). But the differences can be criticaly important to
individuad market participants. With averticaly integrated utility, differencesin the least-cost solutions
did not matter. The customers only paid the aggregated cost. Now it isvery important because
individuas prosper or starve based on the find decision. The selection procedure can be, or gppear to
be, arbitrary. For example, a generator located within a congested portion of the grid might be driven
out of businessif the congegtion is relieved, a dramétic result for the owner of that unit. The amortized
capital cost of reieving the congestion, on the other hand, may be only dightly lower than the off-
economic dispatch cost, asmal impact on the overal system. The fact that the decision to invest will, of
necessity, be based on forecasts makes the problem worse. The transmission solution may actudly be
more expensve. Findly, the andyss and decision will likely be made by individuds (the 1SO and the
regulator) that bear no market risk themselves.
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With tranamission remaining largely regulated and with transmisson-enhancement projects often
eliminating locationd price differences caused by congestion, the problem of dlocating the cost of
transmission enhancements to customersremains. Some argue that if the cost of the exigting
transmission system, which connects existing generators to loads, is paid for by retall customers, then it
would be anticompetitive to require new generators to bear the cost of the transmission that brings their
product to market, although it would be reasonable to require a new generator to pay for any specid
interconnection and transmission-enhancement requirements’. Not surprisingly, potential owners of new
generaion argue that any additiona cost could be included in the transmission rate base if the PUC
agrees that the project offers unusua benefits to the system. Texas Utilities proposes a modified
scheme in which new generators pay the tota cost for facilities that accommodate them and do not
increase transfer capability from one region to another. New generators would pay only a pro rata
share of the cost of facilities that increase interregiona transfer capacity.

45  Ancillary Services

All of the functions required to reliably operate the power syssem under the vertically integrated
paradigm are till required under a market-based structure. A single commercid entity is no longer both
respongble for sysem reliability and the owner of al of the resources that are used to perform the
functions necessary to assure that reliability however. Consequently it is necessary to obtain the
required functions through commercid transactions. Table 1 providesalist of the 12 commonly
accepted ancillary services dong with the time scae over which they operate. The list intendsto be
both comprehensive and mutudly exclusive.

While defining rdliability servicesis anecessary fird step, metrics are aso required if servicesareto be
bought and sold. Progressis being made in developing metrics (primarily by NERC and its
I nterconnected Operations Standards Committee) but it is dow.

With definitions and standards for servicesit is possible to creste markets for their provison. Sincethe
sarvices are primarily provided by controllable generation that could be used to sell power there are
strong interactions between each of the ancillary service markets and the energy market. Infact, the
primary cost in supplying many of the ancillary services is the lost opportunity cost incurred by foregoing
participation in the energy market.™

The rediability functions must be under the control or supervison of the system operator. At least two
gpproaches are possible for the system operator to commercialy obtain the required rdiability functions.
The system operator can either contract for the control of the resources that are to provide the services
or the operator can contract for service provison. If the system operator contracts for service
provision, rather than for control of the resources, the markets for each ancillary service and for energy
must be coordinated. This can be done by operating the markets in afixed sequence or by running the

° Texas Public Utility Commission 1998, Report to the Texas Senate Interim Committee on Electric
Utility Restructuring, Audtin, TX, July.

«“Unbundling Generation and Transmission Services for Competitive Electricity Markets,” Eric Hirst and brandon
Kirby, ORNL/CON-454, January 1998.
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markets Smultaneoudy. Simultaneous operation of the markets requires that the market clearing
function somehow resolve multiple objectives. Should the market clearing function try to minimize total
customer cost? Clearly it should not try to maximize generator profit. But if it does not maximize
generaor profit within the congtraints of the services the generator can sdll the generator may find it has
an incentive to artificidly condrain its capabilitiesif thiswill force it into amore favorable andillary

sarvice market.

Table 1. Ancillary servicesand ther definitions

Service

Description

Timescale

Services FERC requirestransmission providersto offer and customersto take from the

System control

Reactive supply

and voltage
control from
generation

transmission provider

The control-area operator functions that schedule generation and

transactions before the fact and that control some generation in
redl-time to maintain generation/load balance; Interconnected
Operations Services Working Group definition more restricted,
with afocus on rdiability, not commercid, activities, induding
generation/load baance, transmission security, and emergency
preparedness.

The injection or absorption of reactive power from generators to

maintain transmisson-system voltages within required ranges.

Secondsto
hours

Secondsto
hours

Services FERC requirestransmission providersto offer but which customers can take from

Regulation

Operating
reserve -
spinning

Operating
reserve -
supplementa

the transmission provider, buy from third parties, or sdf-provide®

The use of generation equipped with governors and automatic-
generation control (AGC) to maintain minute-to-minute
generation/load baance within the control areato meet NERC
control-performance standards.

The provison of generating capacity (usualy with governors and
AGC) that is synchronized to the grid and is unloaded that can
respond immediately to correct for generation/load imbalances
caused by generation and tranamission outages and that is fully
avallable within 10 minutes

The provison of generating capacity and curtailable load used to
correct for generation/load imbaances caused by generation and
transmisson outages and that is fully avallable within 10 minutes
(unlike spinning reserve, supplementa reserve is not required to
begin responding immediately).

~1 minute

Seconds to
<10 minutes

<10 minutes



Energy The use of generation to correct for hourly mismatches between  Hourly
imbaance actua and scheduled transactions between suppliers and their
customers.
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Table 1. Ancillary servicesand their definitions (cont’d)

Services FERC does not requiretransmission providersto offer

Load following ~ The use of generation to meet the hour-to-hour and daily 10 minutes
vaiationsin sysem load. to hours

Backup supply  Generating capacity that can be made fully available within one 30to 60
hour; used to back up operating reserves and for commercia minutes
pUrposes.

Redl-power-loss The use of generation to compensate for the transmisson-sysem  Seconds to

replacement losses from generators to loads. hour

Dynamic Red-time metering, telemetering, and computer software and Seconds

scheduling hardware to eectronicaly transfer some or dl of agenerator’'s

output or a customer’s load from one control areato another.

System-black The ability of a generaing unit to go from a shutdown conditionto  When
gtart capability an operating condition without assstance from the electricd grid ~ outages

and then to energize the grid to help other units Sart after a occur
blackout occurs.
Network- Maintenance and use of specid equipment (e.g., power-system Cycles
dability services  dabilizers and dynamic-braking resstors) to maintain a secure
transmisson system.

®*These four services are required only to serve load within the control area, not for wheeling through.

5.0 Actual Implementations

Restructuring is taking different formsin different locations around the country and around the world.
Thereisno clear consensus yet on what isthe “best” gpproach. Examining severd implementations
provides insight into what works and what does not.

5.1  Cadlifornialmplementation of Bulk Power Market

5.1.1 Energy Market

The Cdiforniamode has been developed so that the | SO itsdf plays ardatively minor rolein
scheduling and pricing generators prior to actual dispatch. The California market requires generators to
be scheduled for operation on a day a head basis, and alows for adjustmentsin these day-ahead
schedules up to an hour ahead of actud dispatch. However, dmost dl scheduling is carried out by a
number of Scheduling Coordinators (SCs) that are required to submit balanced generation with load
schedules. The ISO's primary point of contact isthe SC; the |SO contacts the generating station
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directly only in an emergency Stuation. The SCs participate in the forward energy markets, the ISO
manages the spot market and al'so conducts the transmission and ancillary services markets™

The PX was established as Cdifornia s “officid” energy market. The PX runs auctions that establish
energy prices on both a day-ahead and hour-ahead basis. 1t currently handles most of the trading in the
Cdiforniamarket. All Cdifornia utilities are required to bid their generation and loads into the PX for
the first four years of the Californiamarket. PX prices are posted; this makes the market more
transparent. After the PX conducts its day-ahead market for energy, the 1SO conducts a market for
transmisson and ancillary services. Findly, the ISO conducts the spot market in “red time’. The PX
does not address transmisson congraints; the 1SO resolves transmisson congestion after the PX's
energy market closes.

The 1SO has a Market Surveillance unit that monitors the markets and devel ops indicators of how the
markets are performing. Some of the indicators are: market price for services, sufficiency and quantity
of participant bids, the amount of congestion on transmisson paths and the congestion changes, and
measures of the competitiveness of the market. Market Surveillance seeks to identify deliberate or
inadvertent violaions of the 1ISO’s market rules and protocols thet can affect the efficiency of the
market. It continualy reviews these rules and protocols, eval uates their impacts on the market and
recommends changes to improve market performance and efficiency. ™

The basic features of the Cdiforniadesign are:
The PX is separated from the 1SO, thus in a sense alows competing PX’sin the form of SC's.
The units saf commit for the most part.

There is minimum interference by the ISO in market operation; congestion relief is handled by
incremental/decrementa bids; the |SO cannot redispatch for economic reasons beyond what is
needed for congestion relief.

5.1.2 Zonal Congestion

Congestion that occurs a zond boundariesis referred to asinterzona congestion, while congestion
within zones, which is expected to be less frequent, is referred to as intrazond congestion. The ISO
manages intrazona congestion in red time by utilizing energy adjustment bids. Resources located in the
same zone as the congraint are incremented and decremented by the use of Energy Adjustment bids,
then Supplementa Energy bids. If there are inadequate bids to solve congestion, the reliability must run
(RMR) resources are utilized. 1t may be necessary to skip stepsto mitigate emergencies. If this
happens, the 1SO is expected to resolve the emergency firg, then replace the necessary emergency
actions with the steps outlined in the correct order. The objective isto dwaystry to use the market first
and the RMR generation second.

" “The Role of the ISO in US Electricity Markets: A Review of Restructuring in California’ L. Cameron
and P. Cramton, The Electricity Journal, April, 1999

2 Market Surveillance Frequently Asked Questions, http:oasis.caiso.com
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If the SC’'s combined schedules do not produce interzona congestion, the 1SO acceptsthe SC's
preferred schedules and interzona transportation costs are zero. On the other hand, if these combined
schedules give rise to congestion, the 1SO will price the right to move power across a congested path
using schedule adjustment bids submitted by the SC's. The schedule adjustment bids are based on the
SC’s cost of generation in the various zones. SC's are permitted to change their preferred schedules
and to trade with one another. The ISO hillsthe fina interzond transmisson charge to al SC'sthat
have scheduled interzona flows in the day-ahead market.

If energy adjustment bids and supplemental energy bids are exhausted, RMR resources may be used to
solve congestion. If there are insufficient bids located in the same zone where the congraint resides,
sep two dlows for the use of bids outside the zone of congraint. Thisisonly dlowed under emergency
conditions, or if step oneisfully exhausted. If step two is depleted, step three dlows for Pecific DC
Inter-tie mitigation measures. This may involve actualy moving schedules to the Pecific DC Inter-tie. If
conditions persst and step three cannot solve the congestion, step four dlows for any resourcesin the
zone of congestion to move via*out of market” requests as required. If conditions still persast, sep five
dlowsthe 1SO the ahility to re-digpatch al resources as necessary including requesting help from other
control aress.

5.1.3 Ancillary Service Market

The 1SO aso conducts a day-ahead market for four ancillary services: regulation, Spinning reserves,
non-spinning reserves, and replacement reserves. Suppliers submit bids for these four markets with
their day-ahead energy schedules. The SO resolves the four ancillary service marketsin sequence,
procuring regulation first and replacement reserveslast. Bidsthat are not accepted in the first market
may be transformed to become a bid in the second market. The SO will procure adequate services
within the Control Areato maintain scheduled frequency and avoid loss of firm load following
transmission or generation contingencies in accordance with Section 2.5 of the 1SO tariff, and the
criteriaof WSCC and NERC.

In generd, the ancillary services are procured from providers operating within the |SO controlled grid.
Resources outside the control area are trying to gain access of the Cdifornia markets.

The 1SO determines the amount and location of Black Start capability it requires by reference to the
contingency studies are used as the basis of the 1SO’s emergency plans.  The 1SO accounts for the
probability that some Black Start Generating Units may fall to start or that transmission system damage
may prevent some Black Start Generating Units from serving their intended loads. The 1SO sdlects
black start capacity in locations where adequate transmission capacity can be made readily available
(assuming no transmission damage) to connect the Black Start Generating Unit to the station service bus
of the generating units designated by the | SO.

RMR units are committed and dispatched by the |SO to meet any loca area operating condtraints (such
asto rdieve thermd transmission limitetion) aswdll as any shortfalsin the Ancillary Services Market.
The RMR generation dispatcher (within the 1SO) is responsgible for monitoring and making red time
changes to generating units that are providing RMR sarvices. The RMR generation dispatcher works
closaly with the transmission dispatchers and the generation dispatchers (also, within the CAISO) to
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ensure that market energy and A/S schedules being provided by the RMR units are maintained so that
system reliability is not compromised. The RMR dispatcher takes into account any equipment outages
or deratings of tranamission lines or generating units when determining which RMR units must be
committed under RMR contracts. For areasthat contain severd RMR units that are capable of
satisfying the requirements, the RMR digpaicher has available an economic andysistool to determine
which units to dispatch based on energy costs.™

The process for determining if additional A/Swill be required from RMR unitsis a manudly intensive
process that may require the dispatcher to make modifications to many units. During an independent
control room study, observers noted that over 20 hours of observations, the RMR generation
dispatcher required two hours to complete the task of determining whether or not additiona A/S from
RMR units were required.

5.1.4 Grid Planning Process

The 1SO Grid Coordinated Planning Processis flexible in that projects can be generated from avariety
of sources including the transmission owners, the ISO, or any entity who participates in the energy
marketplace. In addition to protecting riability, the planning process seeks to enhance operating
flexibility, reduce congestion and minimize the need for must run contracts.

The Participating Transmisson Owners (PTO's) file annud transmission plans. These plansare to be
coordinated with neighboring systems and are to describe the proposed facility additions over a
minimum five-year planning horizon. The various power flow and stability cases developed for these
annua planswill be available to the 1SO and other market participants so that integrated review and
independent studies can be accommodated.

Once projects are identified, they go through the same Western Interconnection Coordinated
Transmisson Planning Process that isin place today. All 1SO Grid projects go through an 1SO review
process to ensure that projects connected to the 1SO grid meet the ISO grid planning criteria. In
addition, the 1SO will conduct an operationa review to ensure that the projects meet the ISO’'s needs
for operationd flexihility.

Having al these interests participate in the planning process is expected to facilitate the devel opment of
projects that will result in an 1SO Grid that best meets the needs of dl its users and maximizes the
potentid benefits to the State of Cdifornia. The god isto meet the reliability needs of the date a the
minimum cogt to the consumer. The various projects that will be developed through this process will fill
anumber of needs including the following:

| nterconnecting generation or load
Protecting or enhancing system religbility
Improving system efficiency

Enhancing operdting flexibility

Reducing or diminating congestion

3 Sudy of CAISO Control Room Operations, Phase || Report, DRAFT, April 9, 1999.
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Minimizing the need for mugt-run contracts

Cdifornia has some grid areas that are periodicaly experiencing congestion. These are the interface
between Northern and Southern Cdlifornia, The San Francisco peninsula, and San Diego County. The
mandate and role of the Cdifornia Energy Commission, traditiondly the resource planning agency, is
being redefined as areault of restructuring. They no longer dearly hold the respongihility for planning
changes to the transmission grid. The who, what, and when of transmission expansion does not appear
to be totally spelled out.

515 Market Concerns

The Market Surveillance function described above evauates whether or not a participant is exercisng
market power. Market power isthe ability to Sgnificantly influence market prices and cause them to
vary from comptitive levels for an extended time. Participants who have market power may control a
large share of the market or can exercise control under certain market conditions. As an example, when
ggnificant barriers to market entry exist, the 1SO receives insufficient bids for ancillary servicesin some
hours. Under those conditions, any price bid would be accepted and set the market-clearing price.
This market power may be temporary if additiona bidders make the market competitive at a different
time. Price caps are one method the 1SO uses to mitigate temporary market power. A market
participant can exercise market power by physicaly or economicaly withholding generation. It can
schedule generation units to cause congestion over specific transmission paths or between specific
geographica aress. It can aso price and bid its resourcesin away that impedes the efficiency of the
market and unfairly benefits the participant exercisng market power. These behaviors can become
market power abuse, however, at times they can be acceptable competitive behavior highlighting the
need for clear and effective market rules.

Prices above margina cost are not necessarily an indication of market power. The digtinction must be
made between market power and legitimate scarcity rents that re needed to compensate capacity and
assure adequacy. There must aso be a distinction between exercise of market power through
withholding of supply vs. exploiting arbitrage opportunities among the energy and ancillary service
markets or forward and red time markets. There is sometimes difficulty in drawing such adigtinction.
For ingtance, the PX surveillance committee recently claimed that there were 100 hours during which
generators withheld bids to increase prices. Some argue that the generators Smply were exploiting
arbitrage opportunities saving their bids for the real time market that was yielding a higher price.

The PX and ISO each have a unit tasked with monitoring market rules and operation to ensure that the
markets under their control operate fairly and efficiently. The 1SO and the PX exchange data,
monitoring methodol ogies and information on corrective actions teken. They perform joint investigation
where appropriate.

The 1SO has had adeficiency in the number of bidsin its spin, non-spin, and replacement reserve
ancillary service markets. The markets have been “thin,” i.e,; too few bids are received to completely
mest the ISO’srequirementsin al hours. One result is that the 1SO has had to cal upon RMR unitsto
provide additiond regulating capacity. A thin market resultsin less competition and can mean higher
market clearing prices (MCPs) than if more participants were bidding.
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During on-pesk and off-peak hours, scheduled |oad submitted by SCs often underestimates the actua
load encountered, thereby increasing the amount of energy which must be procured as imbalance energy
to meet red time demand. In comparing the aggregate SC' s day-ahead generation schedules to the
CAISO's actud load forecadt, it was found that the approximate generation shortfal during on-pesk
hours was up to 3,500 megawatts and 1,000 megawatts for off-peak hours. In response to the under
scheduling of load, the CAISO began adding a variable to SC load forecasts to more accurately reflect
the CAISO’ sforecast of |oad.

The 1SO had indtituted a temporary Regulation Energy Payment Adjustment (REPA) that was designed
to encourage more generators to bid regulation service. The 1SO governing board suspended the
REPA payment until such time that the governing board determines that REPA is needed to dleviae
regulation market conditions.

The current protocol for purchasing Ancillary Services involves the independent sequentia evauation of
bids for different services, with the market for regulation cleared firgt, followed by the markets for
Spinning Reserves, Non-Spinning Reserves, and Replacement Reserves in that order. Announcing a
price-indagtic demand for each service and employing a strict sequentid bid evauation process
enhances the ability of market participants to set excessve MCPs. However, a“rationa buyer” trying
to meet the |SO’ s ancillary service requirements would subgtitute a lower-priced, higher quality service
for ahigher priced, lower quaity service™ A protocol, “ The Rational Buyer's Protocol” is now being
devel oped to permit the 1SO to do this.

Unlike regulation, spin, non-spin and replacement reserve, the 1SO does not have specific requirements
for supplementa energy or load following. During the peak hours, the 1SO would like enough
decrementd energy bidsto adlow a 1,000 MW reduction to help it match load and generation. It has
not been receiving that leve of bids. It has had to cal upon RMR units so they are available to reduce
generation when ared-timeimbaance occurs. As market participants gain more experience, the
number of decrementa bids may increase as they redize that even avery low bid has a high probability
of being accepted.

During an independent study of control room operations, severa instances were noted where SC's, in
response to the generation dispatcher’ s dispatch instruction, declined to dispatch the energy associated
with their Ancillary Service and/or supplementa energy bids. Some SC'sindicated that resources were
not available due to forced outages, but in most cases the SC did not provide areason. In some cases,
SCs who had submitted Supplemental Energy bids over many consecutive hours during the operating
day (or over many days) declined to dispatch these resources. Instead of withdrawing these
supplementa energy bids (which can be done up until 45 minutes prior to the operating hour), the SC's
left these bids in place which results in additiond uncertainty for the generation dispatcher. SC'sare
subsequently charged (as imbaance energy) for the energy that they declined to provide from their A/S
and/or supplementa energy bids.

 The Opinion of the CAISO Market Surveillance Committee on the Rational Buyer Protocol, January 26, 1999.

29



FERC has recently issued an order gpproving a CAISO proposd that would diminate payments for
capacity committed to the CAISO for supply of Ancillary Services when that same capacity isinstead
utilized to produce Energy in the form of an uningtructed deviation. The approved proposa would aso
eliminate payments for the Energy generated from this uninstructed devidtion. It is anticipated thet the
elimination of capacity and Energy payments will encourage al SCsto more rigoroudy comply with
CAISO Dispatch Ingructionsin the future.

Although FERC approved the dimination of capacity and Energy payments to SCs for Uningtructed
Deviations with regard to the A/S bids, the CAISO proposa did not address instances in which SCs
decline to provide Energy bids as Supplemental Energy. Depending on how the market responds to
the pending non-payment provisons, the CAI1SO may seek additiond relief from FERC to strengthen
incentives for SCsto update their Energy schedulesin the Hour-Ahead Market and to remove
Supplementa Energy bids that cannot be provided.

516 Observations

The market has been experiencing a number of problems, asit matures, such astoo few bids for some
sarvices, extensve reliance on RMR units, and gpparent market power from some generators. The
SO has indtituted severd “fixes’ to deal with these problems and has obtained FERC ordersin some
ingtances, but there are dtill opportunities that continue to be available for generators to game the system
or where rules do not result in the desired behavior.

5.2  PJM Implementation of Bulk Power Market

521 MCP and Locational Marginal Price (LMP)

In 1997, the PIM 1S0O used a MCP, which resulted in asingle pool-wide rate. While this system
worked well when there was no transmission congestion, it had serious problems when congestion
occurred. This system alowed market participants the flexibility to choose between bilatera
transactions and spot purchases, but did not smultaneoudy present them with the costs of their choices.
The circumstances created afdse and artificia impression that savings of $10 per megawett hour
(MWh) or more could be achieved smply by converting a spot transaction into a bilaterd schedule
across a congested interface. Using this pricing incentive, market participants responded naturaly by
scheduling more bilaterd transactions than the transmisson system could accommodate.  1n effect,
using the wrong prices induced behavior that greatly increased the cost of congestion and spread that
cost among dl loads. In June 1997, the 1SO had to intervene by restricting the market and congtraining
choice to preserve reiability. The PIM 1SO was fully aware of the perverse incentives of zond
congestion pricing and the problems they created, but without the authority to change the pricing rules,
the 1SO had no aternatives but to restrict the market.™

FERC approved severa amendments to the Operating Agreement and Tariff that largely became
effective as of April 1, 1998. The LMPisthe margina cost of supplying the next increment of eectric
energy a a specific location bus on the network taking into account both generation margina cost and

' Getting the Proces Righ in PIM: What the Date Teaches Us, William W. Hogan, The Electricity Journal,
August/September 1998.



the physica aspects of the transmisson sysem. LMP, expressed in dollars per megawaitt-hour
(¥MWh), isapricing approach that addresses transmission system congestion costs, as well as energy
costs. LMPsat buses are calculated based upon the actua economic dispatch and the prices of energy
offere?ﬁ. There are gpproximately 2,000 busesin the PIM control area for which PIM caculates an
LMP.

If no congraints are experienced on the transmission system during an hour, the LMP isequd to the bid
price of the highest increment of energy that is requested to operate by PIM during the hour. Thereis
one single market price. When there is transmission congestion in the control area, PIM performs one
of the following actions: reconfigure, curtail contracts, or redigpatch. The redispatch option causes
LMP vauesto separate. The LMP reflects the cost redispatch for less efficient generation and the cost
of ddivering energy to thelocation. The congestion cost for a given transaction isthe difference in LMP
between its source and sink. Thus a party can dill purchase the equivaent of firm service by agreeing to
pay for resulting congestion to avoid the curtailment of otherwise confirm transactions. Market
participants can thus pay congestion charges to avoid TLR curtallments. Thisis sometimes cdled

“buying through” TLR.

The hourly LMP vaues are used as a component of the calculations of avariety of charges and credits,
including spot market energy/interchange billing, operating reserves, transmission congestion,
transmission losses, emergency energy and meter error correction processes.

A new system includes a spot market coordinated by the SO which accepts both the bilatera
schedules and the voluntary bids of the market participants and uses them to find an economic, security
congtrained dispatch for power flows and the associated locationa margind prices.

The 1SO has not unbundled its operations in a fashion that allows separate markets in ancillary services
such as reserves and voltage support. Ancillary services are treated as part of real power scheduling,
with cost-based compensation. Currently, PIM Load Serving Entities (L SES) must carry planning
reserves equal to 20% of the PIM coincident peak |oad expected over the coming year. This approach
is asafeguard againg concerns that immature market mechanisms might not balance supply and demand

appropriately.

Sdes through the spot market are at the locationd prices. The transmission usage charge for bilatera
transactionsis the difference in the locationd prices between origin and dedtination. The dternate to this
system isthe physical bilateral market where users purchase physica transmisson entitlements instead of
paying arate based on the actud flow and market conditions. The merits of the aternate system have
been debated extensively in the process of defining PIM’ s market structure.

In June of 1998, the variation in uncongtrained prices on the most expensive day increased by amost an
order of magnitude to a high of $300/mwhr. This shows that market participants must ded with
subgtantia changesin prices, even without transmission congestion. There were dso periodsin June

8«pJM Interconnection, Report on Control Activities Placed in Operation Pertaining to the Grid Accounting
Processes’, June 30, 1998, Price Waterhouse Coopers LLP
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1998 where the system experienced transmission congtraints, locationd prices separated, and the
opportunity cost of transmission was quite large. The lowest locationa prices were sometimes actualy
negative, where it would be cheaper to pay participants to take power at some locations or generators
to back down and so rdlieve transmisson congraints. The highest locationd prices were very large,
much larger than the margind cogt of the most expengive plant, reflecting the need to Smultaneoudy
increase output from expensive plants and to decrease output from cheap plants just to meet an
increment of load at a congtrained location.

The experience of higher unconstrained prices and fewer constrained hours in June 1998 shows that the
period of pesk system load is not necessarily the time of greatest transmission congestion.  Transmisson
congestion reflects an imbalance in the location of load and generation. At peak load, more generation
comes on line and may relieve system congestion.  However, during aheat sorm in July 1999, LMP
prices reached their limit of $999/mwhr. This should encourage development of new generation as
discussed below.

In April 1999, bids were alowed to become market based, rather than being only cost based as they
were earlier. Thus, it is pre-mature to draw conclusons asto how well the system isworking.

PIM has an accompanying system of FTRs for on system usersto provide financia hedges between
locations. These FTRs entitle the holder to receive compensation (rent) for certain congestion related
transmission charges. The FTR isafinancid contract that entitles the holder to a stream of revenues
based on the reservation level and hourly energy price differences across a specific path. The FTR's
are sold in an auction that started in April 1999.

The FTRs, or compensation for congestion related charges, are sometimes referred to as congestion
rents. They may be used as a hedge againgt the congestion charges that may develop if the system
becomes congested. The FTR isafinancid ingrument, if the FTR owner does not ddliver the energy,
someone ese will and the owner will receive the “rent” if thelineisused. The FTR aso obligatesits
holder to pay when the locationd price difference is negtive.

Gaming to capture congestion rents and discourage optima packaged trades should not occur because
traders cannot “create’” congestion by quoting phantom schedules” PIM does not measure an
overload until one actudly occurs.

FERC noted on March 10, 1999, in their gpprova of the PIM market based rate structure, that the
PIM ancillary service market, while ill developing, is both complex and criticd to efficient reliable
operations. The commisson directed the 1SO to file areport on the ancillary services market’ s activities
within one year.

On Jduly 7, 1999, Connective had to resort to rolling blackoutsin the lower portion of the Demarva
Peninsula. The mgor generating station serving the area had a forced outage, and the firgt contingency

7« nefficiencies of NERC’ s Transmission Loading Relief Procedures,” Rajesh Rajaraman, The Electricity Journal,
October 1988.
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voltage was margind. With the unusudly heavy load conditions present during a heet sorm, the post
contingency voltage was low enough to trip under voltage relaying on a69 kV line, and rotating
blackouts had to be placed in effect. At that point in time, PIM did not have separate LMP nodesin
the southern part of the peninsula. If they did, it is probable that the attractive LMP prices would
encourage generators to place generation in the areasoon. Asit is, at least one generation company is
conddering building combustion turbinesin the area.

5.2.2 Transmisson Planning

PIM prepares a Regiond Transmission Expangon Plan (RTEP) which consolidates the transmisson
needs of the region into asingle plan. The RTEP reflects transmisson enhancements and expansions,
load and capacity forecasts, and generation additions and retirements for the ensuing ten years.



The RTEP will:

A. Provide a5-year plan to address needs for which a commitment to expand or enhance the
transmission system must be made in the near term in order to meet scheduled in service dates.

B. Provide a10-year working plan that address needs for transmission enhancement and expansion
for which commitments would not be required in the near term. Commitments needed in thefirst 5
years to complete work scheduled for years 6 through 10 will beincluded in the 5-year plan.

C. Provide an assessment based on maintaining the PIM control aredl s religbility in an economic
manner.

D. Avoid any unnecessary duplication of facilities.

E. Avoid theimposition of unreasonable costs on any Regiond Transmisson Owner (RTO) or any
user of transmission facilities.

F. Takeinto account the lega and contractud rights and obligations of the RTOs
G. Provide, if gppropriate, aternative means for meeting transmission needs in the PIM Control Area.

H. Provide for coordination with exigting transmission systems and with gppropriate interregiona and
loca expansion plans.

I.  Include adesignation of the RTO or Owners or other entity that will own atransmisson facility and
how all reasonably incurred costs are to be recovered.

J.  ldentify locd system limitations discovered in andyzing the bulk transmisson system.

5.2.3 Observations

The PIM market has matured rgpidly in making the trandtion to anoda system, but there are il
sgnificant problemsthat are being addressed. Generation growth has not kept up with load growth in
al areas, and it will be interesting to see next year if the new generation being constructed now will solve
the problems that required rotating blackouts after a sngle contingency this summer. It is possible that
these reliability problems may actually become worse as the “ maturation” process continues.

53 1SO New England Implementation of Bulk Power Market

April 1, 1999, was the opening date of the wholesae electric energy, capacity and ancillary services
markets for the New England Power Pool (NEPOOL) participating organizetions. Therefore, it is
probably premature to make observations on the operation of the market. However, there are some
interesting actions taking place in the development of the market protocols. This provides evidence that
the market sructure provides the underlying bass for the investment decisions for building new
generation.



A series of debates and filings has been taking place about the structure of the market — specificaly with
the protocols regarding the new generators who wish to build in the area. The NEPOOL has also been
ordered by FERC to revise its procedures for permitting new generators to tie into the region’s grid.
Theregionisa“hot” market for new generation, with atota capacity of 30,000 MW being proposed,
athough the existing capacity is only about 25,000 MW.

NEPOOL had originally proposed that a System Impact Study (SIS) be completed for each new
generator to determine whether the added generation would require expansion of the grid. The
proposed method had been criticized as flawed for overstating how many of the proposed projects
would actudly be built and for assuming that no existing generation would be retired. Clearly, not dl the
projects are needed. NEPOOL had aso requested that it be allowed to impose an “in-service” charge
on power imported into the system in addition to norma transmission charges, and NEPOOL had
proposed that at least half the cost of transmission additions should be borne by new generators. These
policies have created considerable concern among the new generators.

One of the new generators, Champion Paper, proposed building a 175 megawatt combined cycle
natura gas-fired plant a a pulp and paper mill it ownsin Bucksport, Maine. Champion Paper filed a
petition with FERC dating that “ This emerging market liesin clear and present danger of severe damage
from an unduly discriminatory and preferentia set of transmission access tariff rules and unjust and
unreasonable assumptions employed by 1SO New England, NEPOOL and NEPOOL member
utilities” Champion filed an gpplication to build the plant on March 24, 1998, but due to a series of
complications had to refile on April 16, 1998. In the interim, 11,030 megawatts in new projects were
aso filed by other prospective generators.  Consequently, Champion was placed in line behind these
other projects to get access to the grid, and Champion’s place in line was to largely determine when the
power the project produces would be curtailed. After an apped, FERC ordered NEPOOL to restore
Champion to its placein line, but Champion had a number of other concerns regarding the cost for
transmission upgrades as determined by the SIS follows:

The new generators will have to pay for a portion of the transmission upgrades, acost which
exiging generators will not have.

The procedures assume al new generation must be fully integrated with load, so that any new
generator located anywherein NEPOOL must be able to serve load anywherein NEPOOL.
(Exigting generators are allowed to pay for re-digpatch).

The SIS procedures assume the existence of the most extreme operating conditions, and assume
that congtraints on the systern can only be remedied by congtruction of transmission upgrades.

The SIS queue process results in “unreasonable delays’ for new generators, since they are required
to await the completion of a SIS for each project ahead of them in the queue before their sudy may
be completed.

Asareault of the ddaysin the SIS queue process, new generators must gamble potentialy millions
of dollars on development prior to recelving a completed SIS. In addition, because each SIS



assumesthat dl projectsin the queue ahead will be built, the SIS produces inaccurate results. Not
al the generation is needed.

The SIS process effectively “ grandfathers’ the preferentid rights of existing generators.

A group of independent power producersis leveling abarrage of criticism a a proposd for managing
congestion in the New England 1S0O, saying the proposal demonsdtrates thet the utilities that own the grid
are dill establishing the operating rules. FERC agreed on March 11, 1999, FERC regected NEPOOL’'s
resubmitted governance procedures, finding that they “continue to alow a select group of utilitiesto
control al actions of the Management Committee.” FERC ordered that revised governance procedures
be submitted within 60 days and directed that these newly revised procedures “ diminate the control the
verticaly integrated utilities in NEPOOL now possess”

NEPOOL’s proposa will alocate Financid Congestion Rights (FCRs) only to transmission cusomers
that are paying for firm transmission service under the NEPOOL Tariff. Limiting the alocation of FCRs
to transmisson customers would deny generators compensation for the loss of the right to firm delivery.
The NEPOOL position isthat dlocation of FCRs to transmisson customers will ensure thet those
entities paying for the cost of the grid receive vaue in exchange for their payments. The generators,
however, which would incur costs imposed by congestion but are not the parties that cause congestion,
would lose their meansto recover their lost opportunity costsin the event they are constrained.

It isthe pogtion of the new generators that FCRs would be the most practica method for recognizing
existing and paid-for rights to use the sysslem. FCRs could be used to determine who gets
compensated, and in what amounts, for the redispatch costs incurred when the most efficient use of the
transmission system requiires that some generation units will be constrained up or down to assure
delivery of dectricity under existing contractuad arrangements. The market theory behind locationd
margina pricing isthat areas that have generation deficiencies will have higher locationd prices, thus
encouraging the placement of generation in the area. If new generation is denied the benefits of a
locationd pricing system, the new generation is not going to be placed in the locations whereit is
needed.

53.1 Observations

The fact that new generators have had so much difficulty in gaining access to the grid is a good indicator
of firmly entrenched market power. It seemslikely that there will be a series of appealsto FERC to
correct inequities. Thiswill probably dday the maturing and efficient functioning of the market. The tact
that 30,000 MW of new generation is proposed on aregion that only has 25,000 M S currently
indicates that markets can address generation adequacy. The 1SO suspended market operation
temporarily in July 1999, after amarket design deficiency was identified.



54  UnitedKingdom Implementation of Bulk Power Market

5.4.1 TheElectricity Pool

The wholesale market mechanism through which dectricity istraded at present is caled the Electricity
Pool of England and Waes. Because of opportunities for gaming, pool operation will undergo mgjor
changesin the year 2,000 with anew market system. A discussion of the pool’ s operation and
problemsis provided, as follows.

The wholesde power market is presently based on mandatory bidding into a centraly dispatched pool.
The Electricity Pool operates aday ahead market. Thereisan obligation that if an availability
declaration is made it should be reasonably achievable. Generators sdll dectricity into a pool and
suppliers purchase out of thispool. The Pool facilitates a competitive bidding process between
generators that sets the price paid for dectricity each haf hour of the day and establisheswhich
generators will run to meet forecast demand. By 10 am each day generators submit “day ahead” bids
into the Pool for how much dectricity they are willing to generate for every haf-hour period of the
following day and a what price. These contain for each generating unit the level of output on offer and
anumber of price parameters, plus any operating congraints, for example the minimum generating levels
and rate a which a generating unit can increase or decrease output.

The NGC as Grid Operator is respongble for the scheduling and dispatch of generation on the day to
meet actua demand. NGC produces aforecast of demand (plus reserve) taking into account westher
and demand usage patterns for each haf hour of the following day and then schedules the generators
bids to meet thisdemand. A computer system, Generator Ordering and Loading (GOAL), amsto
produce the lowest cost generation schedule for the day as awhole, taking into account al plant
limitations and generator bids. Thisis cdled the Uncongrained Schedule.

Congraints on the transmission system; availability re-declarations by generators and differences
between actud and forecast demand mean that the actual dispatch of plant may not match that
anticipated at the day-ahead stage. Generdly, the price of the most expensive generating unit required
to meet forecast demand in each haf-hour sets the price for energy known asthe SMP. To thisis
added a Capacity Payment which provides an incentive to generators to maintain an adequate margin
over theleve of demand. This can be high when the margin narrows, but zero if thereis alarge excess
of generation available.

Generators sl power into the pool at Pool Purchase Price (PPP) (SMP plus Capacity Payment) while
suppliers buy from the Poal at the Pool Sdlling Price (PPP plus Uplift — discussed below). Suppliers
pay for the amount of ectricity they draw off a each Grid Supply Point (where eectricity entersthe
digtribution system from the Nationd Grid) increased by a factor designed to take account of average
losses on the transmission network.

In England and Wdes, Uplift represents the difference between operating an idedlized dectricity system

and operating apractica one. All ancillary service costs form part of Uplift, together with other costs
that arise from rea system operation.
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Since 1994, the NGC has been provided with incentives to manage a Sgnificant proportion of Uplift
through the Transmisson Services Scheme. These arrangements enable NGC to make use of its
operations in keeping down overdl cogs. For instance, by increasing the flexibility of the transmission
network by new investment thereis alikdihood that the cost of security and maintaining qudity of
supply can be reduced in red time. Similarly NGC can purchase services in red timeif the cost of
doing s0 dlowsit to run a secure system and further reduce the cost of investmentsin new plant. As
part of the scheme, NGC agreed on targets for transmission services costs such thet it receives a
proportion of savings achieved below target and is exposed to a proportion of costs above that leve.
These targets are set by the Office of Electricity Regulation, OFFER. Uplift costs have fdlen
ggnificantly snce 1994, saving consumers more than £300 million in totd.

54.2 Ancillary Services

Ancillary services are provided by large eectricity generators, large eectricity users, smdler generators
and interconnectors. The main ancillary services are: reactive power, frequency control, black sart,
reserve and condraints.  The NGC has been contracting for ancillary servicessince 1990. Initidly
these arrangements were entered into with just 6 providers, in 1998 more than 40 companies provide
these services. Services are now provided by both large and small generators, interconnectors and very
large dectricity users. The smallest user that NGC directly contracts with has a demand of 3 MW.
Some companies choose to contract indirectly with NGC through an agent. NGC provides an invitation
on itsweb ste for anyone that feds they may be able to offer a service to contact them.

Typicdly £120 million is spent annualy on ancillary service contracts.

5.4.3 Pool Prices

There has been consderable concern over the winter months about spiky pool prices and the bid
structures used by some generators. However, since changes to the GOAL scheduling system were
made in March, anomalous high prices have been reduced. *

In January, the Director Genera of Electricity Supply (DGES) warned that he was considering actions
he could take to prevent gaming of the eectricity trading arrangements. Thiswas followed by a
consultation paper four weeks later seeking views on bid smplification and the use of inflexibility
markers.

The Pool had, however, dready identified an unexpected number of anomalous prices following the
introduction of anew verson of GOAL in December. Modifications to this system (to diminate
anomaous SMPs being set by the second or third price incrementas in generators' bids) were
approved at the February Executive Committee meeting and were implemented on afast track
approach on 18 March 1999.

The design of the system changes to modify the SMP dgorithm is currently progressing. Two options
are currently being andyzed to identify which can be implemented most quickly and easily. The CEO

18« Electricity Pool of England and Wales Newsletter,” April 1999.
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has continued to monitor anomalous prices, and is now establishing a Market Monitoring Group to
formalize this process.
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54.4 Major Changesare Being Planned

OFFER has published a Decison Document in response to their February consultation paper. They
welcomed the Pool’ s modifications, but believe that, if they fail to address manipulation, smplified
bidding is appropriate. It appears that there are now plans for mgjor changes:

The main criticism of the pool system was the complexity of the bidding process. The bidding rules
were ddliberately designed to smulate the actual physica power market. A generator’sbid was
composed of agtart up price, ano-load price, and three incrementd prices. Some bidders were
quoting zero art up, no-load and firgt increment, with second incs priced at extremdy high leves. In
addition, abidder could st an “inflexibility marker,” one of which was to specify aminimum leve of
output below which the generator must not run. The complex system of inputs and pricing rules made it
difficult to determine exactly which unit setsthe MCP for each haf hour and provided opportunities for
gaming.™® The prices were extremely volatile, and most participants entered into hedging contracts that
resulted in fixed prices for the mgority of their trading volume. Typicaly, purchasers pay a premium
price when using the hedging contracts.

In October 1997, the Minister for Science, Energy, and Industry invited the DGES to consider how a
review of eectricity trading arrangements might be undertaken. In July 1998, the DGES published a
proposa document describing new market based trading arrangements for electricity. In October
1998, the Government accepted these proposals.

The proposals envisage market-based trading arrangements more like those in commodity markets
elsawhere. Forwards and futures markets would operate up to severd years ahead, evolving in
response to demand. A voluntary Short-term Bilatera Market would operate from at least 24 hours to
about 4 hours before red time, alowing participants to fine tune their postions. When the Short-term
Bilaterd Market closes, avoluntary Baancing Market would open with the NGC, in itsrole as System
Operator, accepting bids for incs or decs of generation or demand to enable it to balance the system.
There would be a settlement process to reflect differences between contract positions and metered
volumes of output and to recover other costs to be borne by market participants.

The Proposals aso included a suggestion that a PX be established to alow eectricity trading “on-the-
day.” A conceptua figure of the new trading arrangement is provided below: %

9 “\Where Function Follows Form: International Comparisons of Restructured Electricity Markets,” F. Sioshani and
C. Morgan, Electricity Journal, April 1999.

% RETA Seminar, May 19, 1999.
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A Badancing and Settlement Code (the Code) would contain a set of rules covering the balancing
market, the imbalance price and the settlement system. 1t would aso govern the rdationships of all
participants including their responsibilities and duties. Thiswould be supported by a Baancing and
Settlement Code Pand with representatives from interested parties to advise on changes to the Code.

The Proposal's document set atarget date of April 2000 for the introduction of these new arrangements.
It recognized the need to establish amgjor program of change for the industry and all interested parties,
and suggested an organizationd structure under which the Program would be conducted.

In accepting the DGES s Proposals, the Government indicated that it would legidate to support the
changes and specificaly endorsed the following suggestions:

OFFER and the Department of Trade and Industry (DTI) should be responsible for the overal direction
and leadership of the implementation process. A full-time Program Director should be gppointed. The
Program should enable the full participation of the industry and its cusomers. The mgority of resources
to ded with the technicd definition and implementation of the new arrangements should be sought from
within the industry and customer groups. Development of the new rules and processes should be
overseen by a Development and Implementation Steering Group (DI1SG) composed of senior staff
representing dl interested groups within the industry including customers. And the DISG should
commission, review, and recommend detailed proposals on the rules, operations, and governance of the
new arrangements, via Expert Groups where applicable.

The purpose of the Market Design Group (MDG) isto develop market design proposals, obtain
agreement to these proposals from within DTI/OFFER, and then present the output of this processto
the DISG. In doing this, the MDG will build upon the work to dete of the Expert Groups. Following
ratification of these "higher level" proposds, the detailed market design will be undertaken by the Expert
GroupsMDG.
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54.5 Observations

It gppears that the existing pool system does provide ample opportunity for gaming because of its
complexity. The proposed PX gppears to have smilarities with the Cdifornia Market. We understand
that the target date for the changes to the existing system may be dipping into the Fall of 2000.

55 Implementation of Alberta Bulk Power Market

The Alberta system is aso planning some changes. The existing system of |legidated hedges, which was
developed to control market power, is being replaced next year with a system called Power Purchase
Arrangement, adiscussion follows.

The Alberta system is composed of an independent, for profit, Transmisson Adminigtrator (TA) Electric
Service Board Internationa [ESBI AlbertaLtd.], and anot for profit power pool system controller, and
amarket surveillance adminigrator. The transmission assets are owned by Transmission Facility
Owners, and generation is supplied by existing regulated and newly constructed unregul ated
Generaion Facility Owners. All of the energy delivered to the transmission system is bought and sold
by Distribution companies, Importers, Exporters, Marketers, and Generators through the Power Poal.
Thereis one zone for the entire control areaand the margind clearing price is the price received by dl
generators supplying to the pool and paid by al distribution companies, exporters and marketers
purchasing from the Poal.

When the system was first devel oped, a complex system of hedges was put in place to prevent the use
of market power by afew large existing generators. The system of |legidated hedges was put in place
by the government, and the hedges are effectively Contracts for Differences between existing
distribution companies and regulated (existing) generators. The legidated hedges rebate to existing
distribution companies the difference between the Pool Price and the actual variable cost of production
from regulated generation for the bulk of the output of the regulated generators. The pool price can be
much higher than the actua cost of production. The fixed codts of the regulated generators are
recovered through fixed annua Reservation Payments that are made by existing distribution companies
in return for the legidated hedges. Generation levels above the contracted amount can be sold without
paying the rebate. This alowed competition to take place without market power from the large
generators, but il dlowed the large generators to collect areturn on their investment.

The Alberta system has limited import/export capability. Thereis very little price dadticity currently
dlowed intheload, and reserves are limited. At present, the mgjority of customers pay fixed rates for
electricity and are not exposed to the price spikes which are occasiondly experienced in the power
pool. Because of the price indadticity of demand, during periods of high load, and shortages of supply,
gpot prices tend to rise very rapidly, dmost vertically.

Reserve levels are dlowed to drop when al sources of supply have been exhausted and the only other
dternative isto shed firm load. When firm load is interrupted the spot price of dectricity is automaticaly
set at $1000/ MWh. This effectively caps the price of dectricity at $1000/MWh. If the price were not
capped it would rise quickly.
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ESBI has recently developed a system for contracted interruptible load for users who wish to become
Reserve Service Providers. These users receive awarning from the System Controller that the load is
being “armed’ and isthus being included in the reserve cdculation. This load must be cgpable of being
shed within seven minutes (three minutes are dlowed for system operator action) and must be greater
than or equa to 10 MW. Loads may be aggregated provided that requests for service and curtailment
requires only one dispatch from the SC. So far, few customers have contracted to become Reserve
Searvice Providers, but ESBI is actively seeking to increase the number of participating loads.

Three generation companies control most of the generation in Alberta, but there is Sgnificant new
generation being planned.  In the future, to resolve concerns about Market Power without requiring the
divedtiture of assets, a Power Purchase Arrangement is being devel oped where competing marketers
buy rights to the generation output of the existing regulated generating stations under long term contracts.
With this program, the origind plant owner will receive a payment from the marketer covering the fixed
and variable cost of production, but the output of the generation will be bid by an independent marketer.
The marketers will buy the rights to the generation in an open auction that will be heldin 2001. Any
amounts received that differ from the book vaue of the regulated generators will be contributed or
deducted from a bdancing pool. The net balance of the baancing pool will form ether a credit or debit
to existing customers. In thisway, the resdua vaue of some plants can be used to offset Stranded asset
costs of other plants.

Because of the occasiondly high clearing prices, there are a number of new generators who are planning
to build new capacity. It is hoped that Pool Prices will peak in 1999 and decline in 2000.

The adminigtration of the tranamission system is under the purview of the TA. The TA recoversits cods
through atariff for systlem access. Much of the exigting generation is ingdled in the Edmonton area,
while the mgor load center isin the Cagary area, 180 milesto the south. Asaresult the North-South
transmission corridors become congested during periods of heavy loading. To address this problem,

the TA has introduced a transmission access tariff based on System Expansion Related Pricing (SERP).
Under this scheme, Generators and Didtributors will each bear half of the cogts of the transmission
system. Didributors pay a postage stamp rate regardless of where the Point of Délivery is. Thisisto
encourage economic development in the far North where transmission cogts are higher, but economic
development is needed.

The transmission access tariff for generators located in areas that reduce the need for system
reinforcement is less than the tariff for generators located in areas that put further strains on the
transmission system and contribute to the need for system reinforcement.  Thisis to encourage
generation to make efficient ting choices. Through the SERP transmisson access tariff, the TA is
hoping to avoid the need for expensive reinforcement of the North South transmission corridors by
encouraging generation to locate in the South of the province closer to the load centers. This system
aso is subject to revison and refinement next year.

55.1 Observations

Alberta has a system where ancillary services are contracted rather than made part of the market. The
Alberta system planning process has been controlled by the government to put a damper on market
power and to achieve economic gods. (The government hired the profit TA). The planning process has
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also ensured that potentia stranded assets are dedlt with and costs are recovered. The problem of
planning and paying for needed transmission expanson will be difficult, however, because upgrades to
the North — South corridor will not be used if the program to encourage new generation in the south is
effective.

5.6 Implementation of the Australian Bulk Power M ar ket

The restructuring of the eectric utility system has been progressing in phasesin Audtrdia since 1990.
Firg, awholesale market for dectricity was developed in the Victoria region with a pool administered
by the Victoria PX, then other regions followed, and in 1996 a Nationa Electricity Market Management
Company (NEMMCO), an ISO, was developed. Generators compete by providing dispatch offers
(pricesfor different levels of generation) to NEMMCO. Customers (retailers and end use customers
who are wholesale market participants) submit dispatch bids — prices and quantities they wish to have
scheduled for digpatch. NEMMCO dispatches the scheduled generation and demand with the
objective of minimizing the cost of mesting dectricity demand. 2

The National Electricity Code defines the terms of participation in the wholesde dectricity market
(NEM) for generators, transmission and distribution network owners and service providers, retailers
and customers. Specific Code chapters deal with registration of participants, rules for the operation of
the central digpatch process and spot market, security arrangements, network connection access
including network pricing, and the adminigration of the code itself.

A spot priceis cdculated for eectricity for each haf-hour during the day and is the clearing price to
match supply and demand. Although suppliers make offers 24 hours ahead, these offers may be revised
until a short period before the red time auction. Given the find set of offersand bids for the red time
market, aone period Optimal Power Flow is performed to determine the least —cost pattern of
generation. The advantage of this approach isthat it requires suppliers to self-commit capacity to the
market, and as aresult, it avoids the computationa complexity of solving a unit commitment problem for
aday-ahead market. This diminates the posshility for one type of gaming that has been a chronic
problem in the UK market. Itisamgor step of faith to leave the commitment of capacity to market
forcesin the spot market. Some regulatorsin the USA have been rdluctant to teke thisstep. The
concern isthat the reliability of the system will be threatened if some form of market for cgpacity is not
established. The price paid in the Audtralian market is, literdly, the acceptance of high prices when the
total level of load is close to the available capacity. A high price in the spot market (even aforecasted
high price for energy) gets suppliers motivated and back to work getting generation available.
Compared to afew years ago, capacity factors for inexpensive sources of generation in Audtralia have
increased to levelsthat far exceed the established operating practices under regulation. In addition,
proposals to build new capacity have been submitted in regions that have high prices®

In spite of the low competitive prices and the high reliability of the market in Audraia, the tradition for
planning in the former state-owned system has not been lost. Hence, there are formal proceduresto

2« An Introduction to Australia’s National Electricity Market,” NEMMCO.

% Tim Mount, Cornell University.



check that ingaled capacity in the future will be sufficient to meet projected load. Intervention in the
market by regulatorsis alowed, but any additional capacity ordered by regulators must be priced at the
exigting price cap, which is presently $5,0000MWh. Therationdeisthat market forceswill not operate
effectively if thereis any threat of intervention by regulators a a price lower than the cap. The contrast
between the market Structuresin Austrdia and New England, for example, isstriking. The pricecapin
Audrdiais high and there is no forma capacity market. In New England, the price cap islow and there
is a cumbersome process for adding capacity that probably discriminates unfairly against new entrants.™

In generd, dl dectricity must be traded through the spot market. Generators and retallers dso tradein
hedge contracts outside the pool to hedge the fluctuations in the pot prices and essentidly contract at a
fixed cost. These hedge contracts are financia instruments and do not affect the operation of the power
system in balancing supply and demand in the pool. Western Audtrdia and the Northern Territory will
not be directly involved in the NEM because of the long distances involved.

The responsibilities of NEMMCO are:
Egtablish and conduct the wholesale dectricity market.
Coordinate power system planning for the market.
Manage the power system to baance supply and demand.
Maintain system security.
Adminigter the spot market.
Contract the necessary ancillary services to operate the power system.

Coordinate power system planning in conjunction with Network Service Providersand in
consultation with Market Participants.

Historicdlly, each state developed its own transmission network. The entities that own or lease and
operate the different eectricity networks are called Network Service Providers. The Nationd Code
gpdlls out the rules, by which a Network Service Provider must plan for the expansion of their network,
operate their network and provide access to a party seeking connection either as a generator or
customer. Market participants are required to pay their loca Network Service Provider a connection
charge and ause of system charge. In return for the network charge, the participant is entitled to
receive aleve of network service specified in the Code. The network charges are to provide sufficient
incentives for the economicdly efficient expangon and maintenance of the transmisson and digtribution
networks.




NEMMCO cdculates a spot market price a areference node in each of four regions. The eectrica
losses between regions are caled the inter-regiond loss factor. The inter-regiona loss factor is used to
adjust the offer and bid prices when determining which generators are dispatched to meet eectricity
demand. In the central dispatch process, intra-regional loss factors are dso used to adjust offer and bid
pricesin the dispaich of generators to meet dectricity demand.

A customer can choose to buy dectricity in the retail market from one of several competing retailers, or
if they decide to purchase directly from the wholesdle market, they will need to register with NEMMCO
asaMarket Customer. In each areg, there is a planned schedule of customer Size that determines when
acustomer with a particular load size qudifies to purchase directly from the wholesdle market. For
example, in New South Wales, a customer can qudify to purchase from the wholesdle market in
accordance with the following schedule:

Above 5 MW or 40 GWh per year October 1996 (47 Sites)
Above 1 MW or 4 GWh per year April 1997 (660 Sites)

Above 750 MWh per year July 1997 (3,500 Sites)

Above 160 MWh per year July 1998 (10,800 sites)

All Customers January 2001 (2,700,000 sites)

Entering the wholesale market entails transaction and other cogis to the customer that are additiond to
those faced in the retall market. First, SCADA metering needsto beingtaled. This measures eectricity
consumption at the customer's premises and feeds the data into the Energy Management System and
Scheduling, Pricing, and Dispatch (SPD) used by NEMMCO in redl time (the Independent System
Operator). Second, each wholesale customer needs to establish atrading team that monitors the spot
price and submits the customer's bids, and a settlements system that is compatible with the NEM
settlements system. Third, wholesale customers may aso need to enter hedging contracts to offset
some their financid risks. Findly, wholesde customers may wish to ingal load-switching equipment
and modify their production processes. All of these costs need to be weighed up againgt the dternative
cost of purchasing dectricity from aretall company. This retail option is il the Smplest and cheagpest
for many customers —they don't have to know how the market operates and what drives the price; or
how to hedge risks.

At present, thereis only one large customer who has elected to enter the NEM. The company isin the
food processing industry and consumes a large quantity of eectricity for refrigeration and freezing. The
company findsit profitable to switch off some of its refrigerators and transfer to contents to the others
when prices are expected to be high. Other industria customers cannot operate in such away because
it istoo disruptive to their production process. For example, smelter pots cannot currently be turned off
with molten metal in them -- the costs of cleaning out the pots is usudly greeter than the benefit from
reduced eectricity consumption. The number of wholesale customersis expected to increase asthe



costs of participating in the wholesde market fdl. In future, changes in the structure and rules of the
NEM may induce grester demand-side participation by large and small customers.®

Average dectricity pricesin NSW have fdlen by 22% snce 1992. Resdentid prices have fdlen by
10% and business prices have falen by 30%. Significant savings have been secured by the customer
who has qudlified to purchese from the wholesale market.***

5.6.1 Observations

Audrdiahas a system where ancillary services are contracted rather than made part of the market,
athough they may be made part of the market in the future. They dso have ardativey smplified
bidding process, and stringent codes on how the market is to be operated that gpply uniformly across
the various regions. Avallable reports indicate that the market isworking well in reducing costs, and
there does not appear to be excessive market power or gaming. The market in Audraiais highly
competitive because the government of Victoria set the standard by selling each state-owned power
plant to a different private company.

57  Midwest Price Spikes

In the Summer of 1998 and again in the Summer of 1999, power prices rose to $7000/MWH to
$9000/MWH for severa hours during severa consecutive days throughout many Midwestern stetes.
Clearly these are not prices that relate easily to margina production costs. Wasthis a system security
concern? Wasit amarket failure? It could be both, either, or neither.

The fundamental problem was that, for a number of market participants, generation was not sufficient to
meet load and the bulk supply market wasthin. Aswill be discussed later, |oads themsel ves were not
alowed to see the red-time prices. Consequently, there was no demand sSide response available. The
result was extremely high prices. It is reasonable to view this as a system that functioned essentidly as
designed. Itisaso reasonableto view this as a market faillure Snce a market with no eadticity of
demand isonly haf amarket.

The extent to which these events were, and future events are, a security concern depends on how the
system operators respond to market and political pressure. If the system operators maintain religbility
reserves, even if this must be done at the expense of firm load, then system security can be maintained.®
If, on the other hand, system operators deploy contingency reservesto provide energy and operate the
system with contingency reserves reduced or eliminated then security is threatened serioudy.
Unfortunatdy it is difficult to monitor how system operators respond to thistype of event. Henceitis
difficult to assess the extent to which security is compromised.

% |nformation provided by R. Pritchard and T. Gregan of NEMMCO.

#«Pricing for Electricity Networks and Retail Supply,” Issues Paper, Independent Pricing and Regulatory Tribunal of
NSW.

% An additional option is available. Generation that would otherwise be used to provide contingency reserves can
be deployed to produce energy if appropriately curtailable load can be deployed to replaceit.
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6.0 Load asaBulk Power System Reliability Resource

Higtoricdly, utilities have treated loads as unable or unwilling to modify behavior in response to price
sgnas? This resulted in the revenue metering and tariff system we have today that does not alow for
demand response. Even when energy prices hit $7000/MWH as they did in the Midwest in the
Summer of 1998, or $9000/MWH as they did in the same region in the Summer of 1999, customers
received no price sgnd indicating that they should curtall consumption. They dso recaived no
economic reward for responding to mora appeds to reduce. With loads barred from the red-time
energy marketsit is not a surprise that load response is even less devel oped as aresource for selling
ancillary services.

The perception that loads could not or would not respond is so pervasive that regulations, policies, and
gtandards often do not alow loads to participate in energy and ancillary service markets. Advancesin
metering, communications, and control technologies are diminating any technica judtification for such
regtrictions. If these obstacles can be overcome there is high probability that loads will become active
participants in both the readl-time energy and ancillary service markets. ” Because of the high potential
for dgnificant impact a rdatively low cost and in ardatively short timeif the perception of unresponsive
load can be changed we devote what would otherwise be an inordinate amount of this paper discussing
the issue,

We have received interesting anecdotal evidence of unconventiona load response to high prices from
one customer that did receive the price sgnd. A tility in the south reportedly dramaticdly cut the
lighting in its office tower in order to increase sdesinto the Midwest market not in response to any
shortage on their own system.

Beyond afairness argument that al loads should be alowed to participate in markets, having loads
participate as suppliers, aswell as consumers, of eectricity services improves resource utilization.
Ancillary services consume generating capacity. When loads provide these reserves, generating
capacity isfreed up to do what it was designed for, i.e., generate dectricity.

Loads will probably respond more quickly to control-center requests than large generators because the
load response is composed of many small resources. Thiswill likely more than overcome the
communications and control delays associated with their greater numbers. With an ever increasing
number of loads utilizing energy management systems for interna reasons the margina cost of response
islow.

% Though we focus on loads in this section the obstacles and benefits are essentially the same for distributed
generation.

# “| oad A a Resource in Providing Ancillary Service Markets,” Brendan Kirby, Eric Hurst, American Power
Conference, April 1999.



L oads should be amore reliable supplier of ancillary services than conventiona generators.  Because
each load will generdly be supplying a smdler fraction of the total system requirement for each service,
the fallure of asngle resourceislessimportant. Just as a system with ten 100-MW power plants
requires less contingency reserves than one with a single 1000-MW plant so too a system that utilizesa
large aggregation of loads as a resource to supply reserves will require less redundancy in the basic
resource than one that carries al of itsreserves on afew large generators. There can till be common-
mode failures in the facilities of the aggregator, but it is eeser and chegper to inddl redundancy in this
portion of the system than with an entire 1000-MW plant.

6.1 L ocal vs Central Control

L oad control has been and is currently used in anumber of locations® Some implementations have
been successful but the idea has not been universally adopted. Thisisat least partly because of
traditiond rate structures, which provide little flexibility to cusomers. The customer must agree up front
to be subject to utility control, usualy for ayear or more. Thereis no ability to enter and leave the
market as the customer’ s economic conditions change. The customer often gets paid aflat fee
independent of how or if the resource is actualy used. This provides little flexibility for the load and little
incentive to actudly perform.

Similarly, the costs of peaking generation or peak reserves are typicaly spread over an entire season or
year. Charges (both operating and capital) are not assigned exclusively to the hours when the
generation or reserves are required. Assigning the costs to the hours when they are needed would result
in much higher prices for those services during specific hours (and lower prices at other times). Under
either good economic regulation or atruly competitive market, the result would be the same totd
revenue collection (that is required to pay for the resource). Providing a price sgnd that accurately
reflects the redl-time cost to provide the service will encourage al suppliers, loads and generators, to
offer supply when it is needed most.

While automatic deployment is necessary when sdlling some reserves, it is often important to dlow the
load to decide when it will participate and when it will not. Just asthe price of hourly energy and each
of the ancillary services vary, so do customer economics. For many customers there are times when
lessflexibility exists and the load cannot be reduced without high costs being incurred. Thesetimes are
often independent of anything happening on the power system and are therefore unrelated to the price of
the service. For example, for the right price, aresdentia customer might be willing to autometically
curtall air-conditioning use for 30 minutes to supply contingency reserves. This same customer would
probably be unwilling to curtail use a dmost any price on the evening when he was holding a dinner
party, however. Similar restrictions might apply for an industria customer such as a continuous chemica
processing plant while it is taking a monthly inventory and needs a stable process. In both casesthe
customer choice not to participate is unrelated to the utility economics; neither load istrying to avoid
providing the servicewhen it ishighest in value. In fact, the chemicd plant may intentionaly sdect times
for itsinventory when the power system is not stressed, such as at night or on weekends. 1t would do

% North American Electric Reliability Council, NERC Operating Manual, Princeton, New Jersey, December 1997.
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this not because of a concern for the power system but because that may be a time when the chemica
process is stable aswell due to reduced activity at the chemical plant.

The utility needs information about which loads will be supplying services ahead of time. Theload must
declare that its availability before it enters or leaves the market. Perhaps this declaration would be one
day in advance for the following 24 hours. Both the utility and the load will need the gbility to change the
availability on shorter notice, perhaps with economic consegquences. A load that experiences technical
difficulties and is suddenly incapable of supplying the service must be able to leave the market.
Conversdy, if the power system finds itsalf unexpectedly short of reservesit will need to be able to cdll
for additional reserves quickly, perhaps by raising the current price. Indeed, thisis how the day-ahead,
hour-ahead and real-time markets are intended to operate in California s competitive bulk-power
sysem.

It is critica to avoid providing an incentive for a resource (either load or generation) to declare itsdlf
available when it isnot (asis done in the United Kingdom). Equipment failures are inevitable but service
providers should have an incentive to maintain the rdiability of their resources. They should never find it
profitable to sell a service that they know they cannot ddliver.

6.2 L oad Economic Decision Process

In competitive bulk-power markets, customers will have many choices with respect to their use of
electricity and their payment for eectricity services. In the context of this discussion, they can chooseto
participate in hourly markets and face spot prices that can vary widely in response to supply/demand
relaionships. Alternatively, they can sdll reserve services (options) as discussed below. Decisons on
whether to participate in spot markets or sell reserves will be based on the customer’ sflexibility in
modifying its dectricity use (in particular, its fixed and variable costs to modify its dectricity usein red
time), the prices of energy and reserve services, and the frequency with which outages occur.



For example, higher reserve prices and less frequent outages will lead customers to sell reserve services,
forgoing opportunities to reduce consumption at times of high spot dectricity prices. On the other hand,
increasing flexihbility (i.e,, declining cost) in modifying eectricity use will lead to more decisonsto
participate in spot energy markets.

6.3 MarketsLoadsMay Want To Participate In

L oads with the capability to control consumption way wish to participate in the hourly energy market.
An ability to notify the load of the price for the coming hour isrequired as is metering cgpability that can
record hourly consumption.

Participation in markets for reliability servicesimpaoses additiond requirements. The owner of aload, in
cooperation with an aggregator and the system operator, would determine the portion of the load that
could provide the service. Metering, communication, and control requirements would then be
established.

Looking first at the services required to restore the generation/load ba ance after a contingency,
Supplemental Reserveisalikely candidate for many loads. The resource must fully respond within 10
minutes of the contingency.?® Response must be maintained for an additiona 20 minutes, i.e., until 30
minutes after the contingency. Thisis ashort interruption that many customers may find acceptable.
Candidates include water pumping, building temperature control, water hegaters, and air compressors.

Anythir Fig. 1. Thisload responds to real-time price signals based upon the ever
readily changing power priceand the changing conditions within the customers
DI OCESS.

The system operator takes some of the 10 minutes to recognize the contingency and to cdl for
response. The aggregator’ s communications process will consume sometime. Thisleaves afew
minutes for the load to respond.

Price Responsive Load
Daily Averages

1800 $50

1600 - - $45
- $40

- $35

1400 -

1200 A

% 1000 -

800 A

$30

- $20

600
$15

- $10
- $5

0 $0
Jar-98 fvar -98 May-98 Jun-98 Aug-98 Oct-98 Dec-98

400 A

200 A

* Specific timing requirements for each service vary from region to region. The requirements referenced here are from
NERC (1999) Draft Policy 10.
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Obvioudy, the load itsdlf must be consuming power for it to curtail consumption during a contingency.
Many candidate loads cycle as they provide service (e.g., hot water heeters). Since individua loads do
not cycle together, the aggregation will dways have some load available for curtallment. The
aggregation hasto be accurately characterized to know how much reserve is available at any time.
Individud loads aso have to be controlled after the reserve is released to prevent them from dl returning
to service Smultaneoudy.

Frequency Responsive Spinning Reserve is both easer and more difficult for loads to provide.
Because the service responds to system frequency, each load has the triggering signd available at
times. The sarvice only hasto be provided until it is replaced by Supplemental Reserve, 10 minutes,
creating a shorter interruption. Full responseis required within 10 seconds, however, which may make
it harder for someloads to provide. Having each load in an aggregetion responding at dightly different
frequencies could create atypica generator droop characterigtic.

Frequency Responsive and Supplemental Reserves restore the system’ s generation/load baance and
maintain it for 30 minutes. Thirty minutes after a contingency occurs the customer that was receiving the
lost generation is reponsible for making other arrangements or curtailing itsload. The Backup Supply
Plan isapre-arrangement that tells the system operator how to proceed for each load’ s loss of primary
supply. Some loads may find it attractive to provide Backup Supply for other loads. The 30-minute
warning provides time for communications and for the curtailing load to take actions to reduce its own
costs.

Loads may aso wish to participate in maintaining the generation and load baance during norma
operaions, though this seemslesslikely. A load or aggregation of loads could provide Load
Following by cycling their daily operations in response to direct MW commands from the system
operator or by responding to short-term price signals?’

Regulation isthe least likely of the generation/load balancing services for aload to provide. Itis
possible, however, that [oads with variable speed drives (e.g., water pumping) could accept AGC
sggnds from the system operator. Municipal water pumping accounts for approximately 1% of nationa
electricity consumption, providing potentidly significant sources of |oad-based regulation or other
ancillary services.

6.4  Certification and Aggregation

Most of the generators on atypical power system are relatively large and expengve. It is reasonable for
the system operator to monitor unit output and bus voltage every 2 to 8 seconds. The amount of data
and the expense per MW are both reasonable. When the operator calls for response the response can
be monitored in red time.

Providing the same information from hundreds or thousands of individua resources would be
prohibitively expensive and would provide an overwhelming amount of data that could not be managed
inred time. An dternative to rea-time monitoring of each individua resource exigts. Loads could be
certified, ether individualy or in aggregation, for the provison of each ancillary service. Certification
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would congst of exercisng the resource under controlled conditions to determine the reiable
response.”® Testing of the contingency reserves, for example, would not be announced to the resource.
The response would be measured on control-area metering. Periodic testing would monitor continued
capability. Recording meters at each resource could aso be audited to verify performance for both
actua events and tedts.

The mgor objection often voiced to customer supply of ancillary services isthat the system operator
cannot ded with the large number of individua resources and that the communications requirements
would be overwhelming. These are vaid concerns but ones that can be addressed. Aggregators can
provide a genuinely vauable function here. By handling the communications with alarge number of
loads they can present the system operator with a single point of contact for a reasonable amount of
capacity, amilar to the system operator’ s interface with generating resources. There can dso be an
interpreter between the dectrical system and customers. The system operator is not interested in
learning the details and concerns of each customer. Similarly, customers are in businesses of their own
and have neither the time nor the interest in learning al about the power system. The aggregator can
bridge this gap, creating a vauable resource in the process.

Communications are inherently different with an aggregation of resources than with asingle entity. Itis
not currently practical to collect data from thousands of individua loads at the 2 to 8 second scan rate
most utility data collection systems operate a. It is practical, however, to send ingtructions to those
loads as fast as necessary. That is because it is the same signd broadcast for response is $X.”



6.5 Barriersto Success

Loads should be encouraged to actively participate in redl-time energy markets and provide severd of
the energy-baancing ancillary services because of the rdiability and commercid benefits provided by
expanded supplies of these resources. Artificid barriersto the entry of customers into these markets
should be removed. The customers themselves will have to determine their economic costs and benefits
to seeif and when they will participate. Loads must be given the flexibility to respond to their own
economic condraints.

Technicad problems associated with the need to aggregate many individua loads to achieve a resource
of sufficient szeto be useful can be overcome. This may be one of the areas where load aggregators
can play agenuingly useful role. An aggregeator can relieve the system operator of the burden of deding
with an excessve number of individua resources while sill providing the required response. Smilarly,
the high communications burden associated with alarge number of resources can be aleviated by
broadcasting control Sgnasto the resources. Rigorous certification, coupled with post-event meter
audits, can subgtitute for real-time monitoring of each resource.

7.0 Special R& D Needsto Facilitate Reliability and Bulk Power Markets

Successful market systems require a clear and well defined market code of conduct that is gpplied
uniformly across alarge region. Such a code cannot be devel oped without research to support the
development of effective market functiond criteria. These criteria span an array of needs from the
development of standards for interconnection of distributed resources and for bulk system operationsto
the development of metrics for individua service provison and overdl market performance. Research
into market structures themselves is dso required for both generation and transmission. Secondly,
technology is needed to facilitate the flexibility required as generation and transmission markets diverge.
There are anumber of unresolved issues at present for the funding and planning of transmisson grid

expangon.
7.1 Standards and Metrics

Y ou cannot sl what you can not measure. Market based systems have a much greater need to define
and quantify interactions than the verticaly integrated industry of the past had.

7.1.1 Ancillary Services

Individud ancillary services must be defined in such away that they contribute to the reliable operation
of the system and such that their provison can be monitored, quantified, and paid for. Ancillary
services must be defined in away that is technology independent; the definitions should focus on the
desired results rather than upon the supplying technology. To the maximum extent possible, these
standards should be uniform and national in order to encourage market participation by as broad a
group of resources as possible.



7.1.2 Interconnection Standards

I nterconnection standards for distributed generation must meet the safety and rdiability needs of the
system while aso encouraging the availability of additiona resources. Interconnection standards must
avoid any actud or percelved use as a barrier to competition. To the maximum extent possible these
standards should also be national in order to encourage market participation by as broad a group of
resources as possible.

7.1.3 Metrics

Metrics should be developed to quantify the behavior of overdl markets. Thereis currently no way to
meaningfully quantitatively compare the Californiaand PIM markets, for example. Any comparison
must be done on anationd level. Progressis difficult without comparison metrics for such fundamentd
qudities as overal market structure.

Research should focus on defining the fundamenta requirements for each ancillary service and on
interconnection requirements. That research should then be used to devel op interconnection and service
gstandards. There are new market “practices’ occurring in some regions, that, under a clearer code of
conduct, might well be termed fraudulent. One of these practicesisto “overlook” the sale of some
resources and then accept disproportindly low penalties.

Thisis an important areafor DOE to focus on. The ongoing work and debate in thisareais naturdly
dominated by parties with vested commercid interests. DOE brings an important nonpartisan
perspective that can advance the public good.

7.2 Market Structure

Significant research isrequired in order to support reliable integrated operation of the eectric grid under
restructuring where numerous competitive entities interact, each pursuing their individua sdif interest.
The code of conduct that governs how the market system is designed and operated is critica to assure
that the overall result is a power system that is reliable, economic, and adaptable to changing needs.
This research should move forward in four digtinct phases.

7.2.1 Theoretical Work

Some authors continue to advance theoretical models for dternative market structures (Nodal, Zone,
efc.). “Best candidate’ models should be sdlected. These models must be expressed in a common
framework so that the differences, unique features and commonalties can be understood. The
expression of the modes could be in aflowchart graphica code.

7.2.2 Smulation

The operations of Sngle markets and the interactions of multiple energy and ancillary service markets
should be smulated under amatrix of market structures and conditions. This can help compare overal
market structures. It should also be used to test specific rule sets for unintended results from market
design changes.

7.2.3 Experimental Economics



Markets interactions are often too complex to capture fully with direct amulation, especidly since
market participation is inherently a human activity. Experimental economics should be used to test
market sructures and market rule sets with human participantsin with a set of scenarios.

7.24 Fidd Experiments

With several market structures in operation, and additional ones being proposed, each should be treated
asafidd experiment. Performance should be studied and compared on anationd basis. Asrule
changes are implemented these should be studied aswell. Results should be folded back into the
amulation and experimenta economics work to refine those efforts.

Research is dso needed to see how markets impact transmission congestion. Underlying transactions
should be examined to see how they are impacting transmisson use. We are dready recelving requests
for DOE to perform this research.

7.3  Grid Expanson

Although the ISOs have protocols in place for planning grid improvements, there are competing market
interests. Grid expangon can obviate the need for new generation, and new generation ingtdled in the
correct location can reduce or eliminate the need or transmission enhancement. Because of this
dilemma, and because transmission expanson is S0 difficult to plan, certify and permit in many parts of
the country, many transmisson expansion issues remain to be resolved. A cohesive nationa Strategy is
needed to address this Stuation, because a strong transmission system is the backbone on which the
new market systems can be built. Rotating blackouts were experienced last summer in the PIM region,
and there are chronic areas of congestion in the CalifornialSO. Both ISOs have detailed protocols, as
discussad in Section 5, for planning tranamission enhancement, but a uniform method for quantifying and
alocating the benefits of transmission expansion is not available. Research is needed to develop a
theoretical modd for tranamisson expansion as a service to the customer.

7.4 Technology Needs

Any technology that increases the system operator’ s flexibility to observe or control the power system
or that increases the throughput of the transmission system is useful in supporting market development.
This includes transmisson technologies themsalves but dso includes sensors, communications, and
controls. Technologies that offer additional options in managing congestion or in supplying ancillary
services decrease market power and reduce the need for governmental regulation. Examples of
important technologies include:

Digtributed resources (load and generation) offer additiona sources of energy and ancillary
sarvices. They can be used to aleviate transmission congestion. Distributed resources are
indrumentd in dleviating congestion, but the mass of the dectricity customers are currently
seeing dmogt no price Sgnads a dl, and smdl generators are often finding connections to be
nearly impossble.

Red time system control — system operator tools to facilitate observing and contralling the
power system including improvements in date estimation, data visudization, and forecagting .
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Superconducting cable — increases transmission capability and reduces congestion

FACTS (Flexible Alternating Current Transmission System) — dleviates tranamisson congestion
without constraining generation markets

WAMS (Wide Area Measurement System) — alows greeater throughput on the transmission
system

Research in dl three areas, standards and metrics, market structure, and technology are appropriate
concernsfor federd funding. The benefits accrue to the community as awhole yet it is difficult or
impossible for individuas to profit from advancing the state of knowledge in these areas. DOE isan
appropriate sponsor for this research because it is energy related and outside the scope of other
organizations. FERC is not structured to conduct research. FERC addresses market structure
questions, for example, through alitigation based process where parties with vested interests argue
before abody that then passes judgement. FERC is not organized in away that encourages, or can
particularly make use of independent research.

8.0 Concluding Remarks

The dectric utility indugtry is going through major changes that are requiring Sgnificant shiftsin operating
paradigms, but the future is quite exciting. There is the potentid that eectric power is going to be much
less expensive, and that many industries, and perhaps even households, will have the opportunity to
become playersin the red time energy and ancillary service markets.

Energy marketstypicdly operate in hourly increments. Thisinterva may shrink as technology enables
the market response to improve. Ancillary services are used for avariety of needs such as bdancing
load and generation on a shorter time frame than energy markets operate in and assuring system security
(assuring that the system can withstand sudden disturbances). Ancillary services have typicaly been
provided by generators under control of the system operator. Markets can be created for ancillary
sarvices asthey are for basic generation. A range of possibilities exists for market based ancillary
sarvice provision, as exigtsin structuring basic energy markets. The system operator can use markets to
procure the services themsalves through sequentia or smultaneous markets. Alterndively, the system
operator can centraly optimize the provison of dl ancillary services from a pool of resources whose
controllable capability is procured through a market mechanism. In elther event, the specific services
must be far better defined than they have been in the past. Metrics are needed to measure provison
and consumption of the services. Y ou cannot buy and sdll what you can not measure.

Tranamission presents agreeter chalenge gill. The inability to control flows over individud €ements
makes the transmisson system fundamentally a community resource. Transmisson congestion can
block low priced generation from reaching high priced markets. Buit it is difficult to entice private
investment in resources that benefit both the investor and its competitors. Location based pricing can
alocate scarce transmission resources and can illuminate transmission investment decisions but it does
not necessarily provide sufficient revenue to pay for transmission expansion. Investment decisons then
become a community concern. The problem is made worse because of the heavy interaction of
transmission and generation. Generation located in the correct spot can compensate for inadequate
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transmisson. Similarly, generation inadequacy in one location can be diminated through the addition of
transmisson. Conversaly, generdtion that locatesin a high-priced region and is doing well commercidly
can be driven out of businessif new transmission links the region with alow cost area. Thereisno clear

ingtitutional answer to this problem. It is clear that new planning tools are needed that accommodate
private and public investment decisons.

Thereis aneed for research on anumber of fronts to ensure that the transition to an open market is
made without jeopardy to system security or adequacy. The process of trangition thus far, with the
price spikes and rotating blackouts in the US, and the wholesale restructuring of the new system in the
UK, show us that the trangition will be complicated, and that the potentia for mistakesisred.
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